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PREFACE. 


There are several very good books abput lecture- 
table demonstrating on the market and the only ex¬ 
cuse for this one is the fact that chemistry strides 
BO fast that the books already published are out of 
date. 

It is not the intention to have a complete list of 
elementary lecture experiments in this book. Those 
herein contained are new, or are modifications of old 
ones. For a very complete set of lecture-table demon¬ 
strations of the conventional tTpe, teachers should 
refer to the older books. 

The author wishes to thank the many friends whose 
suggestions have been of great value in preparing 
this little book for publication. Especially be wishes 
to thank Mr. William G. Cbace, his assistant, for his 
extremely important aid in verifying nearly every 
experiment from the directions as they are herein 
printed. 

Corrections and criticism will be welcomed. 


H. F. Davisoit. 

Brown University, 

Providence, R. 1. 






NOTE TO THE READER 


The work which Profeaeor Daviaon loved best of 
a.11 was teaching. He believed it to be among the 
dobleat of callinp, and he devoted himself to it with 
all the power that was his. Realizing that tiie nund 
of tihe student often can be reached and interested 
even more through the e^e than the ear, he developed 
a skill in lecture table demonstrations rarely sur¬ 
passed. After the experiences of nearly a quarter of 
a century, he felt he would like to pass on to his 
csolleagues the methods worked out with so much care. 
Thus the present volume was planned, and took shape. 

The book was almost ready for l^e press when, 
upon returning home from a day of pleasant labor, 
Lla author was suddenly stricken with a cerebral 
bemorrhage; and even before his friends and col¬ 
leagues were aware of tibe fact, he had passed away. 

Mr. Horace B. Fray, for many years student and 
instructor under Professor Davison, has carefully 
gone over all the manuscript, but it is presented, 
aevertheless, essentially unaltered. It is dedicated to 
bhe teachers of chemistry, in the sincere hope that 
some of the best of the writer’s work may iadeed 
Live after him, in the service of the profession for 
which he cared so much. 


luly, 1926. 


L. A. Biqblow. 
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THE ART OF LECTURE TABLE 
DEMONSTRATING 

Chemistry is a study of matter and it can never 
be adequately learned from books. Students must see 
the material that is talked about and must eventually 
handle it themselves. But beginners have to be shown 
what chemicals will do and how they are best handled. 
This is the business of the teacher, who must be some¬ 
thing of a demonstrate' at the lecture table if he is to 
be successful in arousing the interest of his pupils. 
There can be nothing more stupid i^an a long-winded 
attempt to tell how sulfuric acid is made, what its 
properties and its uses are, without showing the actual 
process of its manufacture and its chemical action by 
various experiments. One may just as well try to 
draw word pictures of beautiful paintinp mcpecting 
that these can satisfy as well as the realities. 

The eye is wonderfully quick to perceive what the 
brain cannot, at the moment, encompass, but the men¬ 
tal impression provoked by ^e eye will last for years, 
to be better understood in later days perhaps. 

Much teaching of chemistry is for students who do 
not intend to continue it beyond one year and for 
tiiese the only chance to become acquainted with 
much of what chemicals are and do is by watching the 
teacher as he puts the substances talked about 
through their paces. It profits a man not much if he 
tells his fellow townsmen he has a fast horse. But it 
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profits a teacher much if he shows his pupils 
chemicals will do imder proper guidance. 

There are certain fundamental rales to foUi 
demonstrating. It goes without sa 3 ring that tl 
periments must work. Nothiug is more fatal t( 
cess in this line of work than any considerabh 
centage of failures. Far better is it to have no d( 
strations than to have “fizzles”. It is easy to sa^ 
“the experiment worked last night” or that the 
icals are old” or what not, but i^e moment y 
say any such thing the confidence of tiie studem 
lessened. If, as sometimes does happen, som 
foreseen condition makes havoc with your demoi 
tion, it is best to state what you believe is the tr< 
promise to show the experiment properly at 
future time, and do it. Confidence that you wer( 
to do what you had promised will again possef 
students and your position will be thereby 
strengthened. 

I have seen a demonstrator keep his spectator 
edge” for a long time, trying hard to make i 
thing “work”, Tmtil both spectators and demoi 
tor were in a cold sweat, and out of this much 
nothing was bom. It would be far better under 
circumstances to stop than to try hard. 

There can be no doubt that men who make 
demonstrations before a class, must have a ni 
aptitude for handling apparatus and making it 
results. The demonstrator must have a certain ai 
of manual dexterity, which, while it may be acc 
to a certain degree by long practice, is genere 
“knack” which the man had before he thoug 
performing experiments before a class. 
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To be a good and oiiginal demonstrator requires 
tiiat one should know how to work with materials. 
Soldering, glass working, cementing, drilling, cork 
boring, and all the minor operations of the worker in 
laboratory materials should be as familiar as Ani.itig 
a meal. 

An ability to “set up” apparatus is a prime requi¬ 
site in a demonstrator. A man who ties up loose 
joints between glass and rubber tubing with string 
will never make a first class demonstrator. 

The secret of success before a class is in the prepa^ 
ration before the class comes in. It does no bArm to 
the most seasoned veteran to run through his demon¬ 
strations before his class appears. 

E3q>eriments should be simple and speedy. Com¬ 
plicated apparatus is out of place before a class. The 
author once saw a complete water-gas plant operated 
before a group of teachers. Three men attended it, 
and after about a half-hour succeeded in getting just 
gas enough to light. Needless to say there is little 
educational value in that sort of e:q}erimentation. Any 
experiment which t^es over five minutes will be of 
doubtful value. There is nothing more trying to stu¬ 
dents or teacher than to have to wait a considerable 
time for something to happen. Interest in the experi¬ 
ment lags and then is just the time that those students 
who like to make a joke of the course or of the teach¬ 
er, attempt it. One should see to it that his experi¬ 
ments go quickly to a conclusion. Much of the au¬ 
thor’s time has been devoted to the speeding up of 
lecture-table demonstrations and to simplifying the 
apparatus. 

To expedite work at the lecture table, all mate- 
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rials should be weired by measure. Take an exam¬ 
ple. Suppose a given experiment requires 10 grams 
of powdered sulfur. It is not doing '^e student any 
good to wait while you weigh this amount out on the 
balance. What you should do is to find some small 
beaker or dish which, level full, holds approximately 
the required 10 grams. This may be marked and put 
away with the rest of the apparatus for this experi¬ 
ment. Liquids should not be measured in graduates, 
generally, but a test tube known to. hold the required 
amount when full, is used. Of course occasions arise 
where, as in titrating before a class, accuracy of meas¬ 
uring must be looked out for, but for the ordinary 
lecture demonstrations it is far better not to have to 
resort to graduates. It sometimes pays both in solids 
and liquids to have the right amounts weighed out or 
measured out before the class comes in. 

Never ethould one attempt to set up apparatus after 
the lecture has begun. Have everything in readiness 
beforehand. Nothing is so disconcerting to students 
as to have the lecturer fumble around in the cup¬ 
boards under the lecture table for a ringstand or gauze 
which should have been ready when he started to 
lecture. 

There is a tendency on the part of lecturers to for¬ 
get that it is to the class the erqieriments are being 
shown, and not to those who are performing them. 
Experiments should be set out near the front edge of 
the table, and care should be taken that- students who 
sit off at the sides of the room do not have their vision 
obstructed by other pieces of apparatus which may 
be on the bench. 

The size of the apparatus which it is best to use has 
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to be left to the judgment of the individual teacher 
and depends of course, on the size of his lecture room. 
Some e:q>eriment8 do not admit of perfonnance on a 
large scale. The author deplores very much the great 
increase in the size of lecture rooms in recent years, 
for in only a relatively small lecture room bolding 
two hundred and sixty students he finds it is difficult 
for the students in the rear of the room to see what is 
going on in front. In one very large lecture room in 
a University which he visited, ihe author was told 
that many of the students had to bring field glasses 
in order to see much of anything that was going on 
at the lecture table. There is a long span of educa¬ 
tional history between Mark Hopkins, a log and a stu¬ 
dent, as ihe constituents of a college, and such a 
college that the professor and his students are at tele¬ 
scopic range, physically and probably out of range 
personally. 

Much time in succeeding years can be gained by 
putting away the apparatus used for a given experi¬ 
ment on a shelf by itself, to remain together until 
called into use again. This, of course, entails the use 
. of considerable “dead” stock because many pieces of 
apparatus have to be duplicated on the shelves. A 
modification of this plan might be used with profit. 
Such articles as iron ware, bottles, hydrometer jars 
and precipitating jars which are in common use, may 
be t^en at each lecture from the common stock, but 
all special pieces like bent tubing, special sizes of 
jars, special apparatus ready set up should certainly 
be retted in some special place for future use. 

All the apparatus stored should be thoroughly 
cleaned before storage and glass stoppers should be 
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insuied against sticking by insertion of a piece of 
paper between tiie stopper and bottle neck. No chemr 
icals that can decompose or deliquesce should be al¬ 
lowed to remain. The author once got into serious 
trouble by leaving soda lime used as a dryer for am¬ 
monia, in the drying column. The next year a cake 
had formed over the top, and, acting as a plug, nearly 
caused the bursting of tiie whole apparatus. A stop¬ 
per fortunately blew out, indicating that trouble was 
imminent, but tiie class was subjected to a gas attack 
not at all pleasant. 

No experiments should ever be shown simply be¬ 
cause they are spectacular. Students soon become 
irked by these. Every experiment shown should have 
a definite purpose to E^ow some chemical truth and 
that truth should be forcibly brought home. There 
are plenty of spectacular experiments, to be sure, but 
their scientific import is to be emphasized rather than 
their value as entertainment. Even the simplest dem¬ 
onstration can sometimes be used to show a great 
truth and will become absorbingly interesting to in¬ 
quisitive students. 

In the writer’s student days, a very complex dem-. 
onstration of the chamber process of sulfuric acid man- 
Tifacture was shown. But the cumbersome apparatus 
got more attention than the reactions going on. A 
very simple demonstration to be found elsewhere in 
this book serves tiie purpose much better in ^e opin¬ 
ion of the writer, because the apparatus usell has no 
attraction away from the process, and in five minutes 
can be Ediown all that required fifteen or twenty with 
the more complex apparatus. 

One must never be too sure that students grasp 
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i^e import of a lecture table experiment. After hav¬ 
ing shown a set of three perfectly lucid eiiqieriments to 
prove that hydrogen gets through small openings faster 
than air does, the writer gave a test and asked thei 
question, “How can it be shown that hydrogen goes 
throu^ a small opening faster ihan air can get 
through”? The student whose answer follows was 
present when the demonstrations were made. The 
answer is here reproduced as nearly as possible like 
the original. “If you fill a glass bottle witii hydrogen 
and put a piece of curved glass tubing in the mouth 
of bottle so that it runs from bottle in a curve to out¬ 
side thus: (Here is a diagram which has been crossed 
out and substituted by another which looks like an 
army revolver). Also allow no air to enter bottle— 
that is thrust the curved tubing through a one-holed 
rubber bottle cork. Then it will be noticed (Here 1 
am referred by a long scrawled line terminating in an 
arrow head to the preceding page for a continuation 
of the discussion) ^at the hydrogen will go through 
the small opening which is inside the bottle much 
faster than air goes through the small opening of the 
tubing, on the outside of the bottle. Thus hydrogen 
is bettw for running mills than oxygen. For example, 
our factories run by water power.” I defy even a pro¬ 
fessor of chemistry to fathom out what experiments 
that student saw. 

In ^ite of this horrible example, I believe that most 
students get the point of a good d^onstration and 
that the impression made by it lasts a lifetime. 

It must be perfectly obvious that not every chem¬ 
ical reaction can be shown as a demonstration and 
the blackboard must be used for these. And it is 
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equally obvious that the blackboard can supplement 
the demonstration and should be used freely. lie most 
effeotive dmonstrators tiy to cultivate the art of 
talking in connected sent^ces while performing the 
ezqieriments. Perfection in this is hard to attain, espe¬ 
cially when something “hangs fire.” Never^eless 
one may often cover the awkward situation by a free 
use of his mother tongue. 

It is hud work to get up good demonstrations and 
unless one is willing to put at least as much time on 
the average in getting them ready, as he takes to 
show them, he will probably never be especially con¬ 
vincing to his students. 




EXPERIMENT NO. 1 
ZINC ETHYL 

When discussing combustion it is well to emphasize 
the fact that some substances have kindling points be¬ 
low the ordinary room temperature. In order that 
burning shall take place we must have a combustible, 
a supporter of combustion, and a favorable tempera¬ 
ture (kindling point). 

. Zinc ethyl is, at room temperature, already above 
its kindling point, but kept sealed up, lacks the nec¬ 
essary oxygen to support its combustion. A tube of 
it broken into the air gives all three conditions and 
combustion ensues. A tube may also be thrown high 
in air and allowed to break on the floor of the lecture 
room. 

It is obvious that this is a dangerous substance to 
have around and it should be made and stored with 
great care. 

C2HB 

/ 

Preparation: Zn -|- CjHgl Zn 

\ 
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Take 72 grems of powdered zino and mix witii 8 
grams of copper powder and place in a 260 cc. roimd 
bottom flask with a two-hole stopper. In one of the 
holes place a small glass tube with a right angle bend 
put though the stopper. In the other hole place a 
longer tube extending nearly to the bottom of the mix¬ 
ture. Through this pass slowly a current of hydrogen. 
Heat strongly at the same time shaking until a gray 
mass is fonned, but do not allow any fusion. The 
mass appears to be damp when it has been heated 
long enou^. Allow the flask and contents to cool. 
The product is called a zinc copper couple. 

Be sure that all the apparatus is perfectly dry from 
this stage on. 

When the zino copper couple has cooled to room 
temperature connect i^e flask containing it to a ver¬ 
tically mounted condenser down which 80 grams of 
ethyl iodide are carefully poured Heat on a water 
bath until drops of the ethyl iodide no longer run 
back into the flask. The necessary heating takes 
about one hour, and the cessation of the return flow 
of ethyl iodide (B.P.72°) indicates its change to zinc 
ethyl iodide as the equations indicate. 

Next insert the two-hole stopper and its connecting 
tube which was used in making the zinc-copper cou¬ 
ple into the flask, attaching a condenser in ^le ordi¬ 
nary oblique position for Hi^.i11ing to the right an^ed 
tube. 

Attach a side-neck riistilliTig flaglr by means of a 
stopper to the end of the condenser, using this 
as a receiver. Pass a very gentle stream of carbon 
dioxide throu^ the whole apparatus. 

Heat the reaction mass with a free flftmft (with 
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caution) until no more liquid digtHla over into the 
receiver. The product wiU be pure enou|^ for the 
purpose intended, but could be redistilled if desired. 

Next attach the carbon dioxide delivery tube to the 
side neck of the flask containing Hie distillate and, 
clmping the flask in an upright position allow a gentle 
stream of carbon dioxide to pass through the open 
mouth of the flask. 

Small test tubes (10 cm.) are heated in their middles 
until soft mid drawn out slowly into small capillary 
tubes which are broken off at such length as will reach 
the bottom of the flask containing the zinc ethyl. Heat 
one of these in the flame until the flame becomes tinged 
with yellow and immediately dip the capillary under 
the zinc ethyl allowing the bulb to cool in this posi¬ 
tion. The liquid will rise in the bulb. A littie prac¬ 
tice will show how long to heat to collect a given 
amount by the vacuum produced. 

Seal off the capillary close to the bulb, in the open 
air, being sure to keep out of the way of tiie liquid 
ejected from the capillary by the heat. 



EXPERIMENT NO. 2 


THE SENSITIVE FLAME 

A flame which is remarkably sensitive to sound 
waves can be very easily made, and offers much for 
speculation in regard to its operation. This is a modi- 
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fication of a device described in the “Zeitschiift fiir 
den Physikalischen und Chenodschen Unterricht” for 
November 1920, page 229. 

22 
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The 'Sevsitive Flame 

An ordinary Bunsen bpmer is taken apart and the 
flattened jet throu^ which the gas issues is cut off 
and in its place is soldered the tip of an ordinary 
braes laboratory blow-pipe. The ring which closes 
the air openings is rmoved and the holes closed by 
soldering on brass covers. 

A iaipod wind shield support commonly used in 
laboratories is fastened about % of the distance down 
from the top of tiie burner tube and on this a student- 
lamp chimney rests. The chimney may be supported 
by any other convenient means, however. Gas is led 
to this burner through a rubber tubing on which a 
screw pinch-clamp is placed. The gas being turned 
on full, it is possible to light it at ihe top of lie chim¬ 
ney. If now the pinch-clamp is screwed up, the fl^e 
will finally be of a conical shape and will bum just 
below the rim of the burner tube. 

By very slightly varying the flow of gas, now, a 
point will be found, at which the flame will bob down 
when the letter “A” is pronounced, but will fail to do 
so when the letter “E” is pronounced. 

The other vowels “I”, “0”, and “U” have the same 
effect as “A”. 


SEFEBIMENT NO. 8 
CAHAYING FLAME IN HANDS 

Dion iM falfllB in in imdec 
‘ Plan ibs tinnnb of the right hand flnmkn on the 
tbmnb of the left hand, ffetring the flngeta nafauv 
ally oorrad and oh>n togethn, {diuB the t^ of the 
flngen of the il^t hand on the flnt flngu of the laft 
hand and at right angln to iL BUda the flngen of 
the ri^ hand to olon the qwn between the flnt flu- 
gar tiramb of the laft hi^ and let the thie of the 

flngn ci the laft hand pnn flixnly aplrMt the eldo 
of the ri|^ hand. If pw qwrly done thla will ptodme 
a deep vap diaped npmlng iriiloh k praotle^ put 
tight Pnriin thk aemal thnea 

Hare two smhI Banaen boman lighted and aboot 
SfleoLapart Tom the rijdri hand one down to abont 
a 8 eoL flame, and afant off the air aopply of the other, 
pmdnstng a yellow fliw of the full alee the bamer 
win ghra 

FIm the finger of year ri^ hand direotly onto 
the top of the bonm tnbe^ aeringoUiing the flame. 
Do tUo with flnman and without bony. You will 
not be bonad. 

Now fliqi your handa ea tndleated and bold them 
gw the griingnlahed burner, getting a foU eharfe of 

M 





Oanytng Ftamt In Honda fiB 

gu in Qaiiy tiili qulokly ovar to tiio Bi^itad 

bamer uul btok to the onllibtad ana, lAioh, If jon 
hATO ban aklllftil, ^illl ba H^itad tho bmdng 
ohaifB yon hAfa aurlad in your bandc 


IfltmTMTBNT iro. 4 
DUBT SXPL0810N 


A fzletlon-tcp nylindrical oan, S5 am. hl^ and abmit 
SO am. In (Uonifdor, hoi» dionlar hole out In the bot< 
tom luiB mou^ to take the otan of a mnall tfea 


I 


I 

I 


I 


A 




fonnal irtioaB lugoBt dtimeter le about 8 em. lUa 
li pRUflded irlth a nbber tube eboot 1 meter In 
leofth, the free end betog fitted wltb a fin pollriied 


;e 
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montb-plMe. Hw ippuatoi b ie4 Dp an a 
tr^iod. 

To dunr the s^dnlon, take about 8 S oe. of lyoo- 
podtum povdor and pour thb Into the flmnaL ‘WhoD 
aO the dnat haa aettlBd, plaoe a titfitwd oandb whbh 
b not oTor 4 am. high, on the bottom of the ean, 
near one aide. Pot fibtdon-top flimly Into plaeob 
Fttanri away the bngth of the tobe end blow a 
orana end piolon^id puff of air throD^ the tDb& The 
. eqilodkm ahoold blow the eovar 8 metora into the air 
and the intawely hot flame will on 19 1 mate. It 
b well to have ^ qwotatota at a Uttb ***■*“" 1 *“. al- 
tbooi^ wUh a eover of large ana then appeaia to be 
no poodhlllty of the oan Itadf banting The oana need 
to hold aalted peanute ore of eaaotlj the rl^ dfanan- 
alona for a ooooearfbl pleoe of apparotoa. 

To obTiata uabg a tripod a 1^ tube may be aol- 
diored In oa b Indbotad in the drawing and a tin fon- 
nel eonneotad. 


EXFEEUMENT NO. 5 


AIS PBS88UBB 

A odiTliishii MjiifliiiHiiL wfaioh ihowi tbs ju e m e 
of Hm ■faDo^bim li veiy auUy uarlad ouk A new, 
one plIoD, Jetrided Tii^ih oen baa a layer of water 
about 1 am. deep pot into ib It ie tbm pot on a 
tripod oyer a flai^ and the water boiled eifomialj 
farabootthreeminniea. AaomidooifaatpiqMrirtilob 
hu been eoaked in maltad porafOn, or bettv a robber 
Btppper, la pot into tibe opening of tbe oan at tba 
the flame ia mnored. l!ha eon la now 
gruped by the handle with tongi end oold watv la 
poand oyer U. It beoomee a ahapelem maae from 
the enaUng effeet of the air oofarida trtdeh la not 

. '\jy 4 nt i i rtiyirffaj praHOn 

dnea the air baa aU been driyon out by the ataam. 


M 



SXFEBIMIENT NO. 6 

OXIDATION OF FBRSOUB BALTS TO 
FBBRIC 8ALTB 

Hie aaiieeb irey to show ihli on the leotne table 
le to take pm femraa anJfate aohitlaii, add lb to a 
of anunanhim anlfooyaoate a^ to 
the fanooa aalb bridle In aohitkm, to the torie, with 
oonocntnted nlMe add. 

The teiDoa aoUBta rniiib be iHioUy olaar of fanle 
■•Its and thla la aewimpllahed I7 pottbg into a fae* 
tool anlfate enluUon a w^d of atMl wool An Brlea- 
moTer flaik aervea to hold the aihiiian and the wool 
and the latter ajhcnild be of auoh quantity that oraty 
part of the ODlntlim baa aame atad wool in it 

Hie femna anlfate eohitlon dionld be made iq)| 
udnf 10 grama of oryatalllied farooa aolfate to 1 litar 
of dMUled water. One bundrad ooUo oaotimeten of 
thla an pot into a prealpitatfaig Jar and SS oe. of 
10 par oenb aohitlon of MMiMwifaim ulfbojanata an 
added. No red oolor ehould dardop at tilda atage bnb 
on the addition of 10 oo. of eanoe n trat e d nltrle add 

tb6 ^flU talMi pigqfj mnA (bg {gd 

oolor will devehq) doe to the formation of terle nil* 
fbajinata. 



exfebiment no. 7 

CARBON MONOZIDB 

T 1 i 0 ihnplMt mi, aKhoofh almple, ufiBdflnt rnsth- 
od tar ■howiiif the oombortlbUtt^ of oaiboa numoi- 
Ide li to take an aitn Iubb teat toba^ 90 on. b 7 4 cm., 
and pot about 10 grana of aodhnn fomuite In the 
To thla If added 10 aa, of aonaentratad aol- 

finla gold. 

Tbe ddiydratibig aaticn prooaadi rqddlj and aai^ 
bon "wnnidHw li pindnoad and may be Uf^tod at the 
month of the teat tube ahoirlng the aharairteriatio bhia 
llama. lUa aqwrlmmt ihonld by all meano be done 
In the hood. 
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EXPERIMENT NO. 8 
CLBANBZNQ ACTION OF BOAP 

The aleanihig Mtkn of mp depaidi iqNn tiro 
qinUrtw vhioh tfc poBeroea; that <rf •dnrUng flue 
putioIflB of uUd iriiloh may get onto a nrfMB md 
Ite power to amoMfy die oin then be wiahed 
eway h the loon of Dull glnbnlee. 

abUHy to do both of thaeo oan be eaelly dem- 
onaiMtad M ladun equrtmenti. 

Two BkloDmeyer flaaka of about 800 oo. oapaetiy 
have pot Into eoah a tao^ioon of lamp blaek. 800 oe. 
of water la added to ea^ flaak and both flaAa an 
moderately ahakwn almnltaiiooaaly befbre the elan. 
Lamp blaek befaig a Don-wettad powder doea not 
Hate through the water but lamaioa aa a layer on 
tha Borfaoa. If noWi to one of throe flaaka la added a 
teoepoon of Uquld aoap, it will be oen that the pow- 
der Immediate dhperaea toward the oldro of the 
flodr, thereto quite firmly. 

If now, the flate an again moderately riiaken 
ehnoltaaeonaly, it will be aem that the lamp hlaek In 
the p t eaanaa of the aoap aohitlan, mhcae tbarou^Uy 
with the water and u the water la ponnd ont the 
lamp blaek goea with IL Tina It oan be aem that 
lindng tha handa after having thoraa^iiy robbed 
them will oairy off ouoh dirt pertiolea aa an zepn- 
e ait ed by the lamp blank. 

U 


82 A OofUeti/m of Oumtoai L»atm Iftiporfcijnfi 

OUi irfaJob may be on wirfaeea to be ni—Mi^^ an 
nmilalfled bj lo^i aad ean eaaUj be rbrned aw^f in 
the tdnn of email flobiilei^ lAaeai, the film of oil 
la not nmoTed at all b^ wits. 

Eeroaaae end wits in eqnal Tohnns an ^ by 
■haUng in a tail, nanowaylindilail bottle. OnaUow^ 
ing thm to oome to reat, the ^bbols Kxn 
In a lays at the top wfaoae anrfaee la aa wman m paa> 
■ible rnids the eboamataneea. lAewlae the wwts 
laooeqiylngaoohahapeutoghrehaBlflhelMatBar- 
faoe, tUa bdng the nanlt of Ita aarfaee teiwlon. Any¬ 
thing pot in to lows the aurfeoe tmlim make it 
powuue far the wits to hare mnah lacjpr auifaoe, 
In. ita tendenoy to farm a lays will nob be ao greati 
and the oil gfabols onoe fanned ean nmaln « kong 
time in the wits. 

If, now, to the mbdme of oil and wats. about 10 
OB. of Uqold aoap an add^ on tunou^ily, 

the oil and wits will emblrify and If a abeam of 
wats la ran thrao^ a tuba to the bottom of the bot¬ 
tle, piaottoaUy all of the oil will be faned out of the 
bottle in the form of the lamiMon. 

Oils whloh on txiitflable (o^»ble of ">aMwg a 
aoap), an emalilflBd afanply by aikUngaamaanhatanea 
gtrea a bade zeaoti^ H see lb la posOile to 
waah off nob alia wttbool aoap by nalng Bodhmi oar* 
bonata (aal rada). lUi may be ihown by tnMng 
Hn— vbkh ii aaponlflablB end In e tall, nairow 
bottle, tuMhig to It In equal >010100 a 10 ps eenb 
eolotion of aodium eoibon^ On ahahtn^ the ernnl- 
atom wUl be psfeet and laatliig. 


BEFEBIMENT NO. 0 
COMMON 80LTIBIIJTT 

To rittw thafc a nhitiaii of laU ■ ator at e d 

with lopoot to the mU, la not ■ttaratad irlth rapeot 
to otiw aalti, taka a aatemtad adhitton of aalt (SQO 
oa.) makfaif nm that It la aatantad at the tanqm- 
ton ihowii lij having an aneai of aalt hi ft. Tothta 
now add B gmiia of eoppw raUate brdlan up Into 
amall partinlaa The oolcv wUl aoon go thmogh 
wbola Bohitilan riiowfaig that the copper aolfate aifll 
flndaloom Into which to dUtnaB. An IniniwaUnt uiiiw 
tkm aiiaca aa to why It le that color la green rather 

than hhie, vHiloh la the color of ccqqMr Rdfata aohi- 
thm if no fxunnxm aatt NaGl la prw auL Bee Dcd" 
ham, Inorpmlo (Thendatry, page BOA. 
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EXFB&QCENT NO. 10 


THE ACTEViry DP MBTALB 

A good dimoMtmUan of the raUtiro aottritlMt of 
fhe five meUli, poU^uin, iodinm, oalohnn, iiiagn»- 
idom, and ihnnlnimn, oan be dunra by planing out on 
iha kobna taUs fire pna^dtattog Jan wmtainlng 
eqoal HTnoimta of vstn (900 oe.) to whiob baa been 
added in aaah Jar 10 oe. of oouaeutrated bydroebloile 
aeld. All the wets ahoold be at the aame tampan- 
tun (about 10 « O). 

^le plaeea of potanhtm and aodhnn abonld be of 
aooh aliB that If k euUoal fbna, thqf would be about 
0 QQ aaoh aide. Ibeae an put on the lorfaae of 
the water, one bn eaeh of two of the pnolpltadng Jan 
and into the tUid ealahnn eWpa, in balk about 1 oe., 
k t he fourt h mayieahnn ehlba^ and in the fifth, gnnn- 
Iw ahminhini in amounta equal to the ealahnn. Slnoe 
theaa win all be pot in at about the name time, H eon 
eaally be eeen wfaloh la man active and what an the 
relative ootiana of the otben by the nte at wUeh 
hydzogaa in evolved and the metal need up. 
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bzfebuasmt no. ii 

HTDROLYfilS OF ALUlONinM BULFIDS 

Pnettoally oomplsta hy drolyal a of satti loniiad 
fnnniraik sddi and weak boM, livsry aaally dunm 
wtth ah unhihim ■olflde. lUt bdng a lalt of ahnnlxi- 
hm faydrailda and hydnanlfuria aald both of vbloh 
an w^) hydralyiaB praotloaUy oompletaly to tbeae 
anbatanoaa. The hTdrosaa aolfl^ bd^ on^ aUflbtly 
nbiUa^ paaM off and ean be made to ahow Ita pr o a 
aoioe on lead aoatata paper. 

A tall, naRow beaker, oapable of imlHtng BOO ee. 
baa U ee, of water pot In tlw bottom uid two irame 

of mlnni tnl irm pfMurj At nmim tbd 

faydrefu anlflde will oome off and may bert be ahown 
haoalng a pleee of filter paper wet wbh lead Bootate 
■nhrtinn qu a aliBB lod idiioh lOito on the edaea of 
the beaker. The faydroilde being Inaohible will aetUe 
to the bot to m of the beaker and the liquid may be 
dewantiid from It 

TUa method la a vary oaeful one to get 
amoDntaof for laobue table mn. 
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EZFEBIMENT NO. U 


FRXB ALEALI IN BOAP 

A nqi tooh bb Fbbzi^ 8o«p griitbto no free alkalL 
TUb nuy be oompeied irith eone ottwr eo^) like 
wwiwiMii iBondiy ICMP to ibov the dlfleranie, wy 

eeiBy. 

Tte tffo KMpi to be oompaied have diOTfaip taken 
from the eBhni, epp t uilm atBly eqnal qaantittae of 
the tvo acaqa bdng taken. 

Tlien are than broo^ Into aohitlon In 00 ee. of 
oidfaiaiy 05 per eant alnohol to whkdi 100 oo. water 
^ve bM added. ^Ua amocmt of water in the alio* 
hoi k Bofflfllmt to ehow the preMooe of Iona If free 
a udl mn hydniiide k pnaent, but riunre no Iona with 
the aoap emtalniiig no free BlkaU. Thaae faeta are 
made erldant ly adding a ooiqde of diopa of idwiol> 
pfathaUn ■ aohitkn to eaoh, wfaereiqKni the leaned 
aoap aohitlan irill riam pink, but the other will remain 
nolnriim The aofaitlana are beat oontalnad in ^Un- 
diieil gradoatea or footed teat tobea. 
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BXI>EB1MENTN0.18 


BZPLOBION OF HTDROQBN'OHLOBINB 
lOXTURB BY LIOHT 

NOTBS: Do tUi w»p**wnt In the leoton t«hl^ 
hood or harro • dnft blowlnf aom tha laotun table 
and a aoraen ba tw o an the eaperlment and the aadtenoe. 

Thk olaado aaparf m ent would aaem to be hinapabla 
of ohange, hot In our num modem labotatorlei In 
irtdoh our ^uae are pnndded in tanhi it le aibainolsr 
eai^ to ahow the eqwihnaEt The older method of 
dUhig ttdn, dM balloana with a mliUire obtained I7 
eleotrolyale la 00 and huxmTealBni that we would 
haaltate to ahow tUa e^Mrimant at all had we not an 
aaaiar mstfaod. 

BaCon the leobne, fit wreral taat tnbea of 15 am. 
length with eoft ooifca and mark (with a oUna maik*> 
log penolL lubber band or label), the point at wfalofa 
tb^ an half full 

Fnrlde a da> traodi ahont 15 am. In dlametar, 
half flilad with a aatarated salt aohitlon. Dip beneath 
the Bnrfaee of the aohitlan aa far apart aa poarible, 
two bant bran blow p^mb wfaloh are a t tiohed reqne* 
tinlj to the ohlorlDB tank end to the hjdrogea tank 
by robber tobhig. Bee ilhutiatian. Torn on the gaaae 
allow the tow to oontfanis ontU tha air baa bam 
driren out and bubblM of tbo raqMetlve gana appear 
In iwmtatilii diitiiinwiliiii- 
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nn tbe tart iobe to be toed with Mtozatad aUb 
Boliiilan. Inreii lb Into tbe aolotlai In the taon^ 
and hold It over the ohlorlne ontlrt imtU lb le fllM 
totbahelf TohiiBentBik. Then hold lb orar the faydio- 
fpm Jet until filled. Flaoe the rtopiMr, ■niU end up, 



on the floor of tbe hood and plaoa the teat tube 
aeouraly on it letting lb stand upri^ Allow a mfanite 
to gab dlffuafam of tho gaaea. 

SmU off tho fUno of both tho gaoot. 

Talce 10 em. of magnertam ribbon, fold It into four 
parts, and, holding it with tongi ll^t one end In a 
Bunsen flame. Hold tho burning ribtion near the taab 
tube of mtaed gaaea until eiploelon enanea. 






EXFBHIME 3 NT NO. 14 


FXRB SXnNQUISHBR 

A Tsy ooDDrenlant Ixm of kotore table lln aitin- 
guMier ia made Irom a dde netk netion flad^ 17 om. 
hlib and about 10 am. In Aameter. 

A eoHd lubber atopper le fitted to tiio neek and a 
elamp taken from a aoda bottla pot on m that the 
■top^ may be olamiied in. flliiM daiiqB moj be 
bo^t at any fire and ten eeot iture. They are ot- 
taoM to ponjolaln dnpperL llio pnroelahi atoppor 
la eoafiy brdken off. Oi^ the aide neak k a 
80 am. length of nibb« tubing, (tfakk milled prO’ 
fa rted to prevent Wwfcfag) and the other end of rabbw 
tnblng la aUppad over a glan oomle the Internal diam¬ 
eter of iriddh at Ha outer end la about 8 mm. lUa 
nomle ahould be eeuiirely wired bto the rubber tub¬ 
ing, and la beat aUi^rtly aolarged at Ua lozpr end. 

A aaturated eohittia of aodhnn Ueaibonate la put 
In to aueh dqith that the iqpper level la Ivat below the 
dde nebk. A teat tube cd 10 em. length h nearly 
fiOad with eoneentraied eulAirle aeld. Ilia la aUpped 
gmdly while In on uprl^ podtkn Into the flook. 
The depth of Uearbonate eohitkn mnat be oueh that 
the teat tube oon He obliquely aena the flaak and not 
have the falenibanate aolutJem fiow Into it while the 
flaak la npili^ 
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TV) rtBinimriula tti totkn eonmlatly to the elaa^ 
numnt a laz|B hydrametv Jar ToitlaBlly owthe lain 
oratoy aliik. Pot the Donla wall up Into thk and 



than hiTort tho Buoh an sitlnguUior will dioot 
a abnam 10 moton. If a laip bycbanetar jar la not 
avdlabla, taka a lanftti of lar^ taking, elamp it tv- 
tioally a^ atoppar tha top 



EXFKBIMEMT NO. lA 


THB COBCBUSTION OF PHOSPHORUS IN 
POTABSiniC CHLORAIR 

Tbe action of phoaphora, a wy vlgaroiii oamlia^ 
tiUe and potaadom ohknts, a yvj TlcDrooi coddliBr, 
oon bo Tvy ooaUy and lafdy riiown in the floDowbf 
nuumors 

A S-pafai pota^nm ohlonto tablet la plaoed on a 
pleoe of aab e at n a and onto it are dn^^ied three diQpa 
of a aolnthm of pboapborui In eaibon Uanlfide. 
aohitlan la made by dkaoMng a pleee of phoqpbona 
of the Tohnne npnaanted fay a eyllndiloal a^ of 
the matailal 2 on. long by 8 mm. ivlde, In 8 ee. of 
oatbon falaulflda If the tablet aatoreted irlth tide 
ao hit lan la left until dry, the eiploaiTe «*nim]hMHrm 
will bo qKDtaneoua If it la not de^Ua to watt 
for thla to happoi, after the lapae of three mbnitaa 
the tablet may be tonehed with a long poliitBr whleb 
will eatwe the exploalan. Or the taUet may have bem 
idaeod on a aquare of aabeetoa wfakh overtiangi the 
leotun table BO that on tipping it with a long poliitar 
the tablet will fall off onto the flom. gnerally 
baurea ita oiplnalnn provided the tablet la dry enoo^ 
If BBvanl of theaa tableta are prepared (not over five) 
and plaoed in a rotr 5 on. ap^ the —pinwiwn of one 
will detennlne the eaplnalnn of all the otheii. 

fnw aaDad "ehlcnta of potadli” may be ob¬ 

tained at any drag atore. 
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SCPEBlMEMT NO. 16 
Ant PHBSSUNB 


Tlia following matbod Is « gpod one by wtdah to 
dflmoDitnta to riodanti the greet praanre enrtad by 
tb6 sbnoQslWB. A ICigidfiburB bml^pbore not nAll- 





then U am. dlanufor, with e perfeotly round edgo, 
e t te eh eJ to en ordfau^ enetfon p ump , by preeniro 
taUng, *nia hmiitirhnm may ha hlto 

e tripod. Tba ita of the hamtebete ehonld be well 






















eovand with vualine. A ideoe of tfui, pnhnblj 
■ fslrlj fliln pihcitairqiiilo diy plita, bam wfaldi the 
film hn been eb^ipad by eodci^ in ■n«^nm hydrai- 
Ide nhitlim, li now plneed on tbe Tudlnad haml- 
qiben end bald down nther flimly with tbe hand 
while tbe euetkon la apfilied monuntaiily. It la then 
poMible to oee U a lood fit baa bem obtained. If the 
joint appeata to be perfeetly pot a boi ow the 
appaimtna and. turn on the auetlan apln. In a mo- 
mentk If ermythinf la tl^ and tbe ooelhBi pomp la 
a lOod one, the glaaa will break wKfa oobh a enih an 
to ledooe a large peit of it to powds. Onoa In a 
while a ploee of ^aa ia fonnd wfaleh la not plane 
anoogh to moke a tight Jabd and If the ^nfanent 
folia to work, thla la pwaaimnhly the oaoae. It la 
worth iddle having the otadanta Ugare iriiat the total 
pnanre la on the top aurfaoe, if It la aanmed that the 
punp remuToa bH the oli fiW below. 

NOTE: A veomun dealeoator may be mod In pUoe 
of the Migdaburg Haznlephero, but being ma^ of 
gloB la men eaa^ broken. 





BZPBBIMENT no. 17 
HTBROLT8IB OF SODIUM ACBTATB. 

Botfinm MMtatB, btiiig • ah of t itnog baa ind 
a wak adh^ h^di olyaa wfaaa pub into water to giro 
a baala naotlon. 

Ibat thla naetton la ftifcrad fay bant can be diown 
nlaly fay taking a YBiy dUnte ntollim of aodhnn aew- 
tata to iddoh a fmr dropa of phmolplithBleln eohitloa 
hare bea added. If proper atrangth ha been ohoaeii, 
lA gr am a In 100 oe, no pink oolor la evident ■ If now 
the ■nlntfini ia banted, pink ookv appean, and on 
eooling h dlappeaia. 










BZFBBIMENT NO. 18 

CHANQES IN AN AmONIUM HT- 
BROZIDE SOLUTION ON HSATINO 

Xf one drop of oonoeutrated nniiioiihim faydrailde k 
to 100 00. of dktlUed water and fire drapa of 
plionolpbthalaln oohiUao added, the oolor will be pink, 
k) the lonkatloD of the hydnnldB, 

If thk aolution k now heated, the {dnk ookr em- 
pletely dkappeue. At flnt thouidii H iRmld eppear 
thk k due to the baUhif amjf of the emmonlB 
but that mb k not the oaee k riuwn on oooUiiit 
-^liemupon the pink oolor retome. 

Itj ea onw to be the foot that heatfaig favm the 
daooioporitkin of the NHt Ion and the farmatkai of 
^a-ter moleoalea, leaving, wMk hot) ohkflj a aohitlan 
of ajumonla gaa In water which not odoo^ 

liydrcn^l iona to affeot the Indlnabw. 




JBSPEBlMEIfr MO; 10 
WOOD'S MBTAL 


Wood^ metil li tuilj nuula bj patting faito ft md 
QWiidhlft the following Ingntfladi: 

4 pftiti of blTnrth bp wri^ 

5 puti of land 

1 pact aftoh of tin and eftdmhnn 
aooording to the waU known Idmialft and haating until 
tht THEM li ill nwltod. 

nda allop will malfc at about 00" C, and tfah faot la 
tiwwn on the laotara table to tho beat adrantaga If 
the metal la In atiok fdnn, the dtameter of the atidka 
being oboot 8 mm. Iliaae attaka am aanllp "iniAiri 
bp patting tho Wood'd metal in a deep dlab aontain-- 
1^ boUhig watv iriianapon It aoon baocmaa Uqold 
btiow the water. A glam tobe wbona intamal dfamo- 
tar la 8 mm. la d^ipad into tba Hqnld matal and aai>- 
tkm la applied to the otiw and, the Uqold matal mov> 
Ing up the tobe. 

Gold wator la p o uw d into the taba, w laif a upon tba 
motftl ■nUHlflaw, and It la mmoved fim the tfam bp 
fanaUng the awap born It. 

A ati^ ao prepatad la ebonpad BO that the lower end 
la Juat above a flaak in wbloh watar la made to bolL 
^nie ataam bom the flaak will maK the attakof metal 
down Ilka an lelola and the liquid metal will drop to 
the bottom of tba fladL 
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fiXFEBlMENT MO. 10 

VAPOS DBN8ITT OF OABBS B7 EFFUSION 

(Otlaalaflca of Welghti thate f n u n.) 

A ■fairiwrt Iflmp oHimny Is fltM In Us mast ooih 
strlotad part wUJi a Na 5 one-hola robber stopper, 
plooed In from ibe larger end. TUa rtopper ohtIss 
a tabs aboot U am. ka^ proJ e eUii g out of tbs lariv 
ad of tbe nhlmney, and havliv Ks ontar end so nearly 
nlmed that gas flm tbrooi^ vay alovly. TUa tabe 
la mads by rotating tbe equaiely out tube in a flame 
until the surfaee tenalaa baa oonetrletad the opening 
to an artremely minute hola^ wfaloh ia atUl able to paaa 
aomo gaa. Urn nhhmiey is ooontor wei^itad to mako 
it rink in water, by fllUng the eop fanned by the 
base of the ohiini^ with water. a mark aboot 

U om. fran the nnalla md and perpendionlar to tbe 
length of the ohlnuMy. A ein^ ll^t straka with a 
ihBip flla vlU Tnnkih iUi inaA. 

A hydrametar Ju 80 om. by 0 am. In dlomotar 
la flOed to oreiflawing with water. Bet tbe bydrosna- 
ter jar In a riiallow pan to reeeire the uTUflow of 
water. The oblmney with its cuunlrnwright of water 
is held junt orer tbe snrfaoe of the water in the 
hydrometer jor, the lower part of the oblmney being 
flUad with ab. At a glren instant, lower the ehlnmey 
qideUy until the wl^ part rests on tbe top of the 
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bydiamatar Jar. Taka the tima xoqaitad for tba mtsr 
to BBoend eiaotiy to the mark. Eon a tnha fitin a 
gaa Jet u fkr iqi Into the ohhonej u may be, and 
allow laa to flow in for one qoarter of a mbnitai TUi 

^ DaadlahoU 


I 



lanna T 


Iniuzea a tube ftill of gaa free frcm air. Repeat the 
up a alioii a aa deaotlbed for Bsttini the' Hme required 
for air to flow throng the mbmta opening, and raoord 
the time takm for & gaa to flow. 

TlMae two thnea are dlreotly proportional to the 
aqoaro mota of the danaltlea ^ the pwea , provided 











00 A. Cottaatlim of CJtewdaal Loetyn B^ mimo n ta 

iha flow hM baan ilow ecoofl^ so that the time tikm 
fbr the eb le ■omewfaen near five mlnntaa: 'Hia tiibe 
with tba amall opaaliig muat be tried oot oarafnlly and 
If the time nyiilml for the elr to flow la not about 
foor or live ndnotaa, H tiioald ba dlnoonled, 

t VIT" 

Iba danaHy of the lUnrnfamting gaa la aotoally ob¬ 
tained at the wmka by a pneeae to tide and 

oananHation with the at the gaa wmb will 

ahow yoa whether your reaolte aia approodmataly 
eorrauU 

If hydragan and ua y gau are uaed Inataad of air and 
lUomtoating gaa, the v^ior deoal^ (or apeolflo grav- 
lly) of oiygu may be detaendned with rafannee to 
hyto jg an aa the atandard and fnm tide the nudeoDlar 
wai^ of the 0 U may be obtained by mult^dylng 
byfl. 

flpwalflo grarity of a gu (H atandard) — 
jiM^ wt. of gaa' 

9 

Any ^ iriuMB aohibUtiy In watm la aH^t may h«ve 
Ha moleeHlar weight determined by tide method. 










lESl'EBlMBMT MO. SI 


CHAKCOAL FILTER 

A itadant lamp ddmnqr It ptorlded wUh a oo^ 
halt nibber ^t a pper thioii^ the hole of vfalah a glaai 
tobe aboot 6 am. lonf projeota. On thla ^aa tabe la 
planed a abort laagth of rubber tnbfaif oloaed by a 
plnoh elamp, llw ehlmniiy luTwtad la (damped to a 
rlnf etaod. A layer of exoaUar la padnd hi rathv 
flnnly to the depth of S am. FUl the leirt (rf the obhn- 
n^f up u fhr aa the aonatriotlim with granular bane 
eharof^ Above the Inveiied ehlnnuy place a ring 
ifhleh la Juit —w*il«* than the larpot of a 

100 00 . flaoL IK thla flaok with a oork obviier 
throat which a bole boa been out aboot IH enk lo 
dlomatar. 

nil tide flaok with a enhitlnn of methyl Tlolet, wbloh 
ie Tety dilate, bat bae a danlded color. Holding tUo 
at on angle of about 41° In the rl^ bond, reaeh 
throng the ring with the left ho^ and pot the 
tbimib of the left hand ow the bailB In the oUqqier. 
Inreit the flaok, netting R down Into the ring and 
taJdng the left band tfamnb away ot the eome tima 
The nedk of the floik ohould pi^eot down into the 
booe of the ahfaimoy at leaat 4 ool Let the ohlinnciy 
fill with the methyl violet and then opa the pbieh 
olomp until the Uiiold flown out a few dngw per 000 * 
and. It will be oeen that tfaJo Hqold """**<"■ no 

SI 







tt A Q o Ud eHm of Clhamloai Loeiiro JkpoHmonii 

motfayl vldflt. Olw dunoal max be nnewed from 
time to time bj tiUDC It oat md hertfaig It la an iron 
dUi with atii^ cover toaDB-balfhonr. ^ndametiiod 





haum B 


of tiiowinf adaozptiim bj ohanoal lemnoh better than 
the old me t h od of boU^ the ■nHitton ‘frith ebanoal 
bebve the olam, beeanae it ean be prepared befon the 
dam m™— in and will worii ntBmrtw^iy during 
the leofane boor. 





KKPH!H.TMMN 'I' NO. S9 


SOLUBILrrY OF PHOSPHORUS 
PBNTOXIDB 

A pradpHatiiig jv «wn*«^ntni 800 oo. of oold water 
haa drafi^ Into H a quantity of phn^homa pent" 
oilde in powd« form, thin quaidiiy bdng eqoid in 
bnlk to that irideh may be oontalnad in a 1 oo. qwee. 
The iqildily of Ita nbitlon ia ao gnat aa to pradoea 
a Idafaig n^ anob u ia made ^ dlpidng hot inn 
into water. 

Now oontraat with thla the aolnbUitgr of the aame 
anbetanoe when it la in en eitnmely fine atata of 
anb^dhrlalan. 

Bum a plaoe of phoaphona in a amall wateh glan 
plaoed on a flat iridoh ia floating on water in 
a ^am tank. Hare pmridad a ball Jar with a top 
upnolng wbloh may be eloaed by maana of a atqppar, 
b^ a gEonnd gbln one, ali^itly yaaalhiad. When 
the pho^)horna ia wall kindled, lower the bell Jar 
orer it^ t^ atopper being mored to allow the water 
kfral to main eama indda aa oofadde. 'Ihadqdib 
of water in the ^haa tank ahoold be not laaa than 
8 om. Plaoe the atopper in podtlon and allow the 
pluaphonia to bom an long an It will Ihe phoa- 
phona peotoilde fbimad thua la an tfauMly fine 
powdn, eaoh partlole being aeparatad from ita nei|h- 







M A Golbetion of Cltomtoal La cft rn JjQMrinmti' 

bv bj a flfao of air aod eaoh partiole aiipanntlj 
adnUDgiha air wlUi gnat taoBoHj. Aa the parMelw 
tall, arfaloh they do oo^ ■lowly, the adaorbad film of 
air aeania to preventtli^ 4 >a^ aohilkn. Tluttha 
■lowneai ivtth vAlah the aobitian la atheted k doe to 
■omathlng more than the alownaa with iridah fba 
paitielai fall, k azoply danaMtntad by oovering the 
bottom of the bell Jar with a gUua plate, In v ar ttng it 
irtth the water atiU in and abah:^ it rlgaonaaly. 
IBvm with an thk tbarough mixing of the water wi& 
thk wUte BK^ then k atUl a very appazent rehuH 
tanoe of the partlelai to go into aoIirtloD. 










EZFBBIMENT no. 28 


OXIDATION OF AMMONIA 

Tfaa mldirtlon of «wwwwi4a to idiib add k wj 
smUj and dmply dunm by potthig abont OO oo. of 
tlM> rimngBrt ■Jntnnmt n m IjjjigildB ^ tait tobo 



idioaB laDgtfa k about 20 and irtun ttiamwtar k 
about 4 am. Hw taab tube k (damped upriibt and 
myiu from a tank k bubbled tinoo^ the ammo* 

» 











M A OoBaetion of Ck omi o a} lAotmo Baporimmita 
nfaun hydrulds. Bj piupar ngnlatian of the &nr 

of the Uljgni the ItliW— anrrrfng np Uiynng h tJw 

emmaninni hjdrexldB idll eeqain non^ anmumia 
fM to baoma eqilarire. 'lUe mildfr aqdaaiTB mh- 
ton miy be lighted li the top of the t«t tube end 
irUl gBiaeU7 ibtke beak to tlw nrf Boe of the bydm- 
Ide whoe the bnbblei will wwitlnn e to bom et the 
KirfMa, Do not ^ to do tide fai inj TMeel — 
one with pmllel eldai. If it k in e floA the 
oqiloalan is eomelainei NTOte suni^ to boat the 

















EZFEBIMENT NO. 94 
salt from sodium acid SULFATB 

In tiM nuumlMtore of hydrooUario Mddt by the 
■JtWami of one molaoolo of lolfiirio uld, to (meiDol»< 
mile of lodlnin eold nUfrta li pnooeed toin fli e r 
vith the paaoae bydnohlorio aoid, end moit itadAite 
riiinir that the leeotkm irin go oomp k tely to m aod 
beoBOM of the foUtllUy of the hydtoddoilfl ludd. 
QSiJi le pnotifleOy tnie, provldad the nlfarie add 
nmMji not too dUnte. Bob that thla naotion NaCS 
+ B^«-»HaBB 04 + HOI la nally a levaralbl e od^ 
WM leadUy be ahown. A aatorated ■o hrt iop of Bafami 
aold nlfata la poiued Into a taU footed tart tube and 
oonoaDtaBted OJP« byiboehlaile a dd la a dded . 
A olood of aalt ozyrtala irlll aetUe exit This eqNiil- 
mentlaalao a qdmdld Uloatndian of xnam aottan. 


sr 




K6.-95 

SOLID ALCOHOL 

A ■stnmtad nhitim at oalohnii uwtota !■ made qp 
andAHated. Vour oo. of thli eahotlon are pound into 
a tmb iabe wfaloh ean hold abont 70 oo. VUly oa of 
aloohol are poured in aod the teat tobe qnlokly In- 
▼■ted BBveral tliiiea to mix the Uqulde tbonia^ily. In 
a momttit the man beoamei ao flm that the teat tuba 
ouy be Infarted wltboat grilling an^, lUa '*ao]ld 
aloohol** may be rmnoved from the teat tube and 
bmed and it will be notieed that the doea not 
moU down aa la the oaao with aome other Tarieto 
of '*aa]ld aloohol**. 

In nallty the aloohol la atm liquid biit fa held In 
the maahea pndtMed by the eryitala. Uaomeoftbe 
"aoHd** fa nndtaturbed fv aeveral daya the eiy^ 
tab will have aettled to the bottom of ti^ mwitainwi 
and the aloohol will be elaar agr^ 











EXFEBIMENT NO. SS 

AMMONIA FROM COAL BOOT 

tha bundng of eocl, vfaloh nlfor uid 

n ti wffp and the elaneate of wst«, prodimi fran 
thwa, arnmnahnn lolfatB, oau euUy be dtown. Bome 
aoal aoct (abont one handful), la mlad with an equal 
bulk of daked Ume and enou^ water la added to 
make the maaa mda( but not peai^. lUa la pot Into 
a beaker and aeroaa the top le plaoed e ahaet of wet^ 
rod llfanna pepar. The beiker ia then wanned yecy 
gradoallj either bl^ over a aznall flame, or by bdng 
put on a oold oleoblo atove wfaleh la tuned on to 
the fall heat. Hm heating by tido method will be 
veiy gradual. The tthnna peper will aoon torn bhu 
from the ■wimtiiiim evolved, and the praaonee of an^ 
mania gu may olio be ahown fay bolding ow tba 
opn top of the baakar, a atoppv wet with eaneao- 
MedHQL 

It la tide ammonhon lolf ate in the mot eddoh makaa 
It K> vahiable oe a fartfllaar, eapeeially for lawnn 
Baparbnenta at Rhode Taland State Collaga have 
ahown that a pnotloaUy weedlaaa lawn ean be pro* 

ihHMuT f^ftillalng with ■Tiwnnntnm Milfafai HRlla 

aobatanee produoaa on oold onndition tax the aoll by 
hydrulyila, end graeaoa, eepedally Rhode Idand Bant, 
aietdlemt of on aold aedl, and meat weeda an not^ 

oe 









TESPsan^sun: 

BATE OF DlBaoiirNO, 

Two lijditmote Joa of equal ds ud atwot 80 
m. an flUfld naazij full of'dlear water. Ateet 
tube of U ODL diameter le heated uidfonDly at a dle- 
tanee of 5 om. from the qpau nd and drawn out to 



fnmlO 


a bhmt eonloal oonatrictian wboee mallert part la 
about 9 mm. in dimeter. Ttie tube iriien oooled li 
mt at the point of greatert oaoabiotlcni and the bnikan 
edgea of the part whlah ww the top of tb teat tube 
my oaraftilly flm poUabad. Arou^ the tcm of the 
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Rata o/ DteoJvhg 

tnt tnbe wr^) a jtimi of wire (prafenUj load) and 
tiriab the ooda to Mud li firmly to the tfam, eanylng 
the free and op jmd hVer the ti^ of the tart tobe to 
make a handle Wli#. tndked mader the vlze loop at 
the aide oppoalto^^twlitad pari 

Belerttira oiyititlafbf aopper Bulfale of equal ini^ 
and have 000 cd ineh 4>rt>e that It irin eai^ aUp into 
the pnpaied tart tobe. Pot tlM oiyital into the tart 
tobe and al^ a tfam rod a Uttie hmger thaa the 
diamata of the hjdi ometar Jar thnioih the handle. 
Drop one oyatal into one of the Jan, and hang the 
tart tube the other on the rim of the aaa- 

ond Jar. ^Rie aoipanded oryital will dlaoDlve in a 

■hfirt nnnimlK f Imm ffian thu Tunfam i hflOF. 

the eryatal at the battam will taho daya to dlnolro 
nompletelyi. 

NOTB: TUa eqierlmait oen be gtyan out to alf 
the mmbaiB of a laboratofy dhrlrioa b7 anbatttntfaig 
16 X 9 om. tart tubaa for the bydronirter Jan and 
by oidDi a very imall tart tube drawn out to hold * 
the BiMpmded aohita, hooking the wire over the edge 
of the latgar tart tube. At Brown Unl v et e H y "ahk^ 
ate" of poteah tableta an oaed. aa the aolote, beoanae 
of the aaae of getting eq[ual wel^ pleoea thereby. 
They may be punhaaed at any drag atora at abort 
91.00 a thoDaand. 







TeypTgRTMTEt ro NO. aS 

AlOIONnnf AMALOAM 

fryffrim TnA.ipTw b fln^ lude faj ponring bio « 
haivy p nH wl^lw monttfi about 10 oo. of mofouiy. 
PlaoBi of ■n'Himi irfaloh an q>herloal and ban a 
Himufaif of aboot 6 witn. an plaoed out on a jdoM of 
flUar pqw. One of then la atonek vlth the paatle 
BO that the aodiom to the rounded end of the 
Hie ao dlum tbui la phmfad beneath the 
■ufan of the merooiy until leaotkm ooenra Hiia 
allghtly wama the lueraury and the neit plan pot In 
etmllflilj Bflll naet more qidokly. OontInuB adding 
’ plaeaa of aodhnn until the man la of a tfali^ uiaauij 
oonalataney wfaleh upon cooling irlll become bard. 

Blake iqi now a aaturated acdutlan of ammonhiin 
chloride and pour W co. of tbla Into a glen ctyiUl- 
Briiig dlah. Break np the aodlum amalgam Into lour 
or fin pleeae and put them into the ammimhiin ehlor» 
Ida aohitkni. The maetlan eu pp u ecd to go on la thla 
NaHg + NHiGl = NaCl + NHiHg 

The laat enbetannw le called M"innnhnn ■■mmlgp-m 
and in H the fninanlnm grmq) may be eonaldend 
tempor a rily at laaBt^ to be metalUe. It rapidly da- 
eompocae producing ammonia (MHa), faydrogB, and 
mnoury. To demmabata thle put acme ^ the qwDgy 
anminnliiiD amalgam brio a large teet irtiloh la 

a 
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AmmatAm Amdttam 

oowed wHh A Bnall wi;teh Let the ■»ii«ifiw 
d eenHipn e e for • feir m om e a l e end then apply a 
to the mouth of the teet tobe iHuraqiaa a flaah of 
fin 'wUl faidleeta the hydrufeu. l!hen hold In the 
eeemhit Tepon a pleoe of led ttfamiB paper vliloh 
irin tnm btae Bhowlng the pr ea eua e of 
iHdehmay aleo be ehoim fay holding the elppper from 
the oonee n trated hydroehkrie bottle near the 
mouth of the teet tab& iriiermqKii idiUe fumae will 

be nmiMlriJiig of ■mnuinh im nhlnrf Ai 


I 





KO .» 

BOLUBimT OF QLAB8 

Tiks a parfaotlf olHm martu and paa tt a and In It 
fdnd a polaotty olaan tat tubs until a fine powte 
naulta Have a pnalpttatbt Jar (or laifs tart tube) 
neailj filled irlth water, to iddah have bean added 
8 or 10 drapa of phenot^thaldn aohitlcn. Into this 
pour the powdmd fLsBi, irtueaupaii a pink oolontlim 
will ba obaarvad, Indieatfng liydrolyals of the 
wfalah aaold not have talon plm withoot aohibilHy. 

C9aa wool aaoh as la naad for filtering alao ahoin 
this aohiUllty walL 

^Rio aignmeot that Iren alkali In tha i^aai la the 
aawB of tha pdiik eolarsUan aaons to be lefoted by 
the fast that after r^Msted waridnA i^aaa wool itlU 
riiom an affaot on tha indloator. 

nmnitiMw imi powdand tfaa used aa above ilvea a 
vary daalded oolar teat. 
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WXHKKTMBNT NO. 80 

THE BPONTANBOUS DBCOKPOSITEON OF 
AUMONIUH CASBONATB 


A lump of oyitalllna wnmonhiTii eubourte of ap* 
prorimat^ 200 oo, Tohnne la upoo. a 
l^aaa and oountoipolaBd on a laobire taUa 
at tba haglimlng of the laofaire boor. Bafon 
of the hour H will be aaoa that mooh of th 
baa dlaqipeand aa vidatUe mattar and betee 
baa bean dlainlmwl, the plate irHh the plaai 
bonato on It nay 1» plaoed In a eonaplwooe 
and the attenidon of abidento oaUad to tiia 


U will aooner or later oomplately dia^ipear, 
of the produota of the daoampoaitton, amit^a, oai^ 
bon dtodde , and water, are gaanmia. 


NH, 

(NH4)iCPi—e + 

NH. 



ea 





XZFEBIMENT no. 81 

DBCOMPOamON OF AMHONIUX CARp 
BONATB 

Amnuiihim aubonita 1 b uwd bb b Aid eartl n g iiMinr 

yitd Hm MHim In !■ Hiirily aliowiL. WbOD 

haRted It dBoampona Into prodoeta all of iridab are 
tdIsUIb, narndy, wbon dioxide, Tatar Tapor, and 
■wwnrwHa, All of tiiBBB Rie luxnnbiutlUB and nrvo to 
pot a hiTiifot Biaond a An and prevaub oxjgn Iran 
oanylng on oombnaUnn 

Sdaet a deq>, nanow beaker of SO ook bolgbt bgr 
10 am. Tldyi. Into tbs botton of tfala pub a abi^ 
lane knnp of mu mi n t um aarfacwatB. Warm thla very 
Bei^ hlih orar a «"*11 Aame, keeping a tfaa plate 
o?ar the top. Tbe wanning may be Tory ndvanta- 
leooaly dons on an eteufarlo hrt plate Bet at a low pobiL 
After wanning baa for 10 mbnitea It wdl 

be fbund that a batted taper thraet Into the boakor 
will be aitihignlBhnd and water Tapor will have oon- 
dcniad on the ddea of the beaker. 

Zf the oorer la now ranoved, the whole lump will 
■xm dlaappeor leering no loUd reelduB wbatovor. 

An BrlaniXMiyBr Aiak li aleo nmotfanai oaed for thla 
experlmant and need not be eu rara d with the dam 
plate. 
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EZFEBIMENT NO. 89 

GOLDSCHMIDT BSACTION 

yarioui muthncfa hsvs bam tued to rimring the 
Qoidaahmtdt reaatkn to u andMiifle, moat of irtildh 
hare aoma aariana objaatlinL 

Hie fbllowliig method aarnia to be a wj aatiatao- 
torj ana and eartala to wok JM eqMoted. A amaJl 
Band oraolhla (TTwtnn) whloh ean hcdd abont 80 oo. 
haa a hole about 8 mm. in diamiitar bared thraa^ the 
bottom. Tfala ean be dona ywy eadly with a three 
aconaed mnall trlangolar file from wfaioh the flUng 
Burtaae has bean gron^ off, leaving ihaip antfae. The 
anidhle la mounbed in a snail li^ on a atond. 
Undameath ia plaoed a laiga battoy Jar in wbloh 
tiute ta a iBijm of aand abo^ 6 am. d^. Another 
bugs emoUde ahont 19 am. bl^ b embedded firmly 
la the and and a email hand^ariaal thin bon dkh 
1b planed upright on the anudbla. 

Water la poured into the battsy Jar until the ban 
dlah in Juat odrared and the iriiole allomd to aettla. 
If the mfid haa bam tbarootfily vedhed, there ahould 
be praetiaally no tariddity. Tba snail omoibla ia 
filled nearly to the top with the ownmertlal thermite. 
The ffinnlaB of thla are of auah rim that tbqy will not 
fan throd^ tha hole In the oturible. 

A ataifbig mlitqre la made iq) of ten parta barinm 

ar 












M A dolUetion of Chomioal Loebro JhpmmmdM 

jitmMti mri mA put gnQnlfltfld ^hwnhifain ]jj 

wd|^ A tiaTl azDoant of thlf otutlng mlitniOi 
to Tnalfn a OOD6 1 wn. hl^l| If pomd (ID tbo 
top of the tbeimtta. 


Tjuun 11 

Tika a pleoe of thin macnBriuzn about 10 odl kwig . 
Dcmblo thb and tbm doublf Pot tUa fourfold 
piboo iH^itly twM tOBBthff 1^ of 

rtarting zolztairu, Hava a lang haTwHuH tapv, at laut 
a Tn rta r In langthi and with thli light tho mpginwhim 
rlbbdL If all gooB mil tha znaltad lAlta hot Iron 
will flow tfazongh tha hola in the orualblei down into 
tha watar and win paa throng tha lion HhA , it la 
nerar aafe to have tUa m fba laotora tabla without 












OMMdmtdt 40 

putthig m AdwBtoi mat over a pnt of 

the tablei nor la It aafe to IiaTa oloia, 

h o le to the orualble wmy boxed hf iind with 
ft new drtrs of the il^it 











• exPBBIBCENT no. S8 


ntFLUBNCB OF TBHPSHATUBB ON BPBBD 
OF A KBACTXON 

A oanvanknt my to Aow thal the qmd of » ZMo- 
tion ii Imtennrf by an faumaae In tampemtniB la u 
foUowa: 

A nhiUoa of potaodom pannanganato li made up 
of anoh eonoenlntlaa that H la a dark pm^ In edlor. 
About 1 gram of the aalt per liter of water la loffl- 
alent. To tfak eobitlnn aboold be added 100 eo. of 
1-0 ralfnrio acdd. Bnetty 300 ee. of the eo prepared 
■ohitkm la ponred Into each of two flaaka and odb of 
thaaa la berted near^ to the boiling polnA A photo- 
gi^jfalQ dereloping oahtkm la now made up from a 
e oirnnw elal tube of MQ derelqper whloh may be 
bon^ In any photogn^tde anpply atore. Hie de¬ 
veloping aohitlan la now dUated to aueh ibunglh that 
on trial pnrioaa to the leehne, 900 oo. of It wOl le- 
doee the oohl potaahmi aobitian tn 

about 0 mbnitaa to a perfci^ (xdoileai aohitloD. 

To danoDitaata the efleot of tanqMtatnn now> put 
into eaoh of tmi faydremetar Jan, 900 oo. of tha d»- 
veloidng aohithm and rimnUBoeotm^ Into eaoh of the 
hydrametar Jan, pour 300 oql of aohi- 

tlon, Into one the hot ■ntntinw and Into the othv the 
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Jnfhmat of ' Tmp mi i m on 8p«ai of a Boaatton 71 

QOld ihttinn- ^^10 hot jo fatirwi 1)0 gTrnflit famofi* 

dlatdy dBoolailnd bot tha oold ooe will tike uoond 
0 Bitmit— If the KihitkmB have beea made aa dl- 
notad. 





EZPEBIMENT NO. 84 


ACTION OF WATBK ON LEAD PIPBS 

Tlie wdl known fut that nit wntor afianki Ind 
pipM and loadi to load pdaonbft bob that bard wstar 
baa Httla nlrant aotkm on load, can be nloalj ibown 
tax tba ftillowbif mamw: 

Two efanllar ^an atuppered bottki bare put Into 
eaob, a plan of lead idileb baa beoi eatapad 
fliean. 6 m bottle la lUl^ wlib diatlllad water and 
the otbs wltb hard water, Tbe aotlan of tbe aoft 
water (dlatUled) will be very apparent altar Ibe lapae 
of ttranty-foor boun a^wwrially 11 tbe bottka bare 
bean plaoed in a wann loeatlon. Tba dlatiUed water 
will beeame aloudj and a white aadlment will oolleet 
on the bottom and aide of the bottle. Tliat tbe lead 
baa aotoally lona into aolntlan In the aoft water but 
not te tbe hard witn, ean be abown to tbe olaaa by 
taktnf ont aampke frra tbe two bottloa and adding 
a aohitlon of ammonium aulflda edhitlon from 
tbe dlatiUed water bottle will torn brown wblle tbe 
other one ramaina wlnrieM, A plaea of lead pipe 
iddoh baa been kept in dlatiUed water for abont five 
yean baa prodoeed a white eedfanent n abundant 
that on "iiaHwg the bottle a milky it™*"" 1* 
dnoed eapable of bebig abown to a large 

It ie eaaler fdr leoiun iablB to nae 

tbeaahition of aoUde than It la to ran In 

gaaaoaa h y d rogaa aolflite 
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HZFSBIMEMT NO. SB 


DIFFUSION OF AHMONIA AND HYDROOSN 
CHLOBIDB 

It b A onmTnan thing to by the Miwrimnwt of bold- 
Ingtm itoppen tekan from oonisitntad hydiDobkilo 
add and oonomtntad bottlai, and holding 

than within about fi am. of eaeh other, to diow the 
fomatlon of emnionhim bhlotlde in the air between 
than. But moiih mon oan be dumb than the aimple 

fomuikni of tbo m ni m in lu m whlfir^ Q. MHf "gUBODl'^ 
baa a denotty of 8JI wbUa the hydrogen ohlofide '*gaB* 
aona” haa a danalty of 18BS, both HwmHJm bdng 
rateted to hydros aa a etandard. 

Blnee light gaaaa dlflbae man rapidly than do heavy 
anoB, the aimnonln ohould tnvd toward tiia aaid 
atoi^ faator than the hydrogan ohloride travda 
tow^ the an u no n h u n atopper. ^da will be aeon to 
be borna out by aa p e rlm e nt for whoi the two atoppan 
are held within about 0 am. of eaab other, the fumea 
of Brnnumhun ohloiida will be aean to form on the 
Bold atopper. 

The Taper tanolcnB of the two aohitioaBy no doubt, 
have aoma effaot upon thla 
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EXPERIMENT NO. M 


FSBBZZNQ WITH AMMONIUM NITRATB 

Wblla tt Is fntjDaiitly ihown thst the sohitlon of 
many solid substaniMs praduees s oonHiderebla low^ 
erlng of the iemperatoze of the sohittoiif Tory lev 
dlzsotlens lor psfbnnlng this eqieriiiiaat before s 
fllsa ihov thsi lee may setuslly be farmed by the 



nenai U 


Kihitlon of s salt In water. A boi shoot 80 em. X 
40 cm. Is p l aead bottom tqi on the leetora table and In 
the ooitv of the bottom about 9 eo. of water are 
ploeed. A 400 oo. beaher of t^ ^lom Is plaeed upon 
this watv. If neeassaiy a little more water le added 
to make sure that the whole' of the bottnm of the 
beaker Is wet, The beaker now has plaeed in It 100 
grama of groiralar aamunlnm nlttata. Care should 
be taken not to qdU any of the mbate onto tlw boi 
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that • Bolidloa wlioee fraerinf poiiib li lowor 
ter would be fonnad under the beaker. Into 
mlar ■TTiTTvinhim nifaate poor all at anee 100 
Mw, atliiing wlUi a woote aUmr or a bom 
Ia a baU Tntrmt^ tbe beak* will be tmaen 
0 the box and the boK may be lifted from 
able niliifl the beaker u a baodla 
eaeon for aetttng the beaker enoUy In the 
• Idle box b now Hipareob. 
iluthm dioTild be retained to a raaldue botUe 
:er leorytalllead. 






Fntthtg vitk Ammonium Nitrato 7S 

for lair tiiat a lohildan irboa frwifaig potat !■ lomr 
than mtar voulil be foimad undar the baainr. Mo 
this granular irnnwnhiin nUnta poor all at onoa 100 
ae. of inter, ittiifaig irith a mo^ atlmr or a bom 
qMtnla. In a half mbnita the baakar irill be fnaen 
aoUdly to the boi and the box may be lifted from the 
laatnre table tulng the baalctr aa a handla. 

Hie naaon Ibr aatttiig the baakv anoily In the 
aenter of the box la now apparent. 

Iba aohdlan ahonld be retomad to a raaldue bottle 
to be later raniyetnllliad. 
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Sydmfivorie laid 

ft muuianti pottfaig oonnngolftl ndhnD fluor- 
Ids (or ftmmonimn floorids) nhitloa in ft lead dldt to 
the depth of B am. and elamping the aleetab 1]^ bulb 
Tortto^ in the Uqnld. 

A. 10 Tn4iMi** famnanlon k to fiva ft fine 

matted luifBae. 





SXFEBIMENT NO. 88 


THE AMPHO nnaC CHAHACimi OF ZINC 
HTDROZIDB 

Fat 10 gnmi ftnad iiii 0 chloride into 800 oc. 
of w e t a r in e tell Jer, riiirini or ahekint ontU tha 
ijiimMii his dli^ipeozed and e flnoenlwt pwalplIntB 
of rine l ^dw H y^iniFirf* hu been ptodnoad. 

Znai.+B^=3H01 + Zn(0H)01 ■ 

lUi j| an oieallaDfc waj to ohow hjfdiuljala. 

Add aateentzeted HGl e ttttle at a time until tlm 
pmipltaAB }iab (tti^iiiaen. 

&(QH)Ci + HCl = &iQI. + B/) 

Neat odd e eo nnm ti a ted aodlnm hTdzuride aolo- 
tion a ab a time until a tblok parte of rtna 
hTdroilde hae bam obtained. 

ZnOU+8 NaOH = Zn(OH), + 8 NeOl 
Oontinue to the aodiam hjdnrtde until a dear 

&i(OH), + 8 NaOH = Na.2nOi + H«0 
Not add eonwfihmt ed hydnahloila odd a littia at a 
jjbna until the pwwipftate raappaan. 

NaiSnO. + 8 ECa sr 8 NaCn + Zii(OE), 
Oontinue to a^ the aold until tiie predptiate di^ 
Bolvaa, 

Za(OE0i 8 Hd — ZnOlg 8 H|0 
Zt ia po^ble to npaat theae opemtiona irith the aob- 
tion lart obtalnod u a Btarting poinL 
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SZFBBIMENT NO. 80 

THE COMBUSTION IN A FUBNACB 

A ywf 9ur to riww tho ocmibnitffB lAloh 
tikfli plue in n ooal fin !■ u fcdloin:— 

A MHid ogtnsUile about U am. In bd^ baa a hole 
bond noarij ibnni^ the bottom atoiting tram the 



nntalriBj tha holo of diAmotor that It win 
Juat lit ■m^ on the tube of a Buneen bonm. TUa 
hpif la bored to aueh depth that the iwmalTdng think- 
naai of matalal la about 4 mm. Tbe hole la oantlnued 
thran^ in mueh diameter by drirlng a wire 

TB 
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mil thton^ the wnmlnijig thlakiw of fts bottom of 
the anudUe. TUe omoll^ now irill att flnolj' an • 
Bnmen bans whlflh is iMd u e Btud. Start a fire 
in the oraslUe bf ditq^dng in Hveral nurijohee, 
of irtileh ABB it Uowing a uuiieut of 

osygea frara a te^ (vbleh ii aomiantwi irtth the 
Tt imifi bomer bf * nibb* tube) up tbnnigh the 
buming MtxlHwg. Now add hard ooid in pea^-ooal 
■lie grednaUy mtii the enislble b full, keqdag tha 

euneot of OByian etUl paabg thrau^. _ 

the Ite b bundng fari^dly the auygen 
plj b out off end a gentb o ufi^ of oaibon dbnl^ 
from a tank b paaed tiuou^ the hot ooal, iriweupom 
the lednotion oi the oaibon to oaibon mon- 

ctMii faitM plaoe and the blue flame of the ooihcm 
monoxide bona ovnr the aurtaoe of the ooal. U la 
boat to haye both the oxjgan and the oaibaa 
hIiwtIHa iwiMwibirt at the aame to the Bunaeii 
burner, uaing a T tube to aooamplbh thla. 

NOTE: Ibe hob may be eaiUy bond in the aaod 
eraolbb ^ uatag a aoiew ibiw of the prapor 
width. It takaa only a few mcmenb to bon tfarou^ 
a S om. thioknem. To prevent beak piiiuie In the 
qipentUB It b boat to remoTe the in the faudda of 
the Bunem boner and thna allow a tree pamagBi of 
gaa. 










BZFERIMEMT NO. 40 


THE OXIDATION OF 8ULFDX DIOXIDE 
WITH SODIUM PEROXIDE 

A pUa of equal perU of dry Hwdoifc and dry 
powdered ■xMnni pwaitde le plaoed od a Aaet of 
aebeetoB. For an ordbaiy leofain nom a pUe 
about 5 on. In itinimil'rr 1 «»"- le lufflalenL 
Let a Jet of mlfur dloKlda from a tank of the gaa 
impiiiipt on tfaii heap and fanmedlataly a wy bride 
fln "Ml—- 

Tlila ahMiwi how eaally a fln niJid>t be oaond In a 
labontaiy If eome of ^ peroilde waa qilUed on a 
wooden riialf and a aulfiir dkilde tank near by h^)- 
ponad to be left rmudng or leaked. 

If to another heap a few drape of water an added 
fln la hrnned lately kindled. Qnat ean ehoold be 
—Mwi—H In dlapaMlng aodhiDi perailde to atodenta 
and nnds no oaae ehoold H be left In oontaet with 
oaibanaoeooa matter in the open. It k bygraaocqilo 
and when molat k likely to aet fln to oombaatlbb 
mnterial lAbmatcny flm oan eaally be atartad I7 
the atonia of.tito peroilde on filter paper In the 
lookBin. 
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EZFHBnCSNT NO. 41 
TEB DB8IZ1N0 OF CLOTH 

Tlw moden motbod of ipttiiig rid of itanh on oloth 
bafora K k pot iliioii^ the pnxaauu 1 b to 

ooiiTvt the Inaohible Btenh to bj nmuB of 

■n Smyrna. The ghuoee bebg eohible eea then bo 
TCBhed iiwKj, 

Hie euynie te eaiteinBd b Diiitefor or Dlu lolcl 
oommaeleZly te the putpoM. 

It li poallde b nuke e qidek leetnre damonetnriion 
of tide prooeei whleh b eotoel praotbe tekee four 
honiB, 

Mike iq> e etanh nbtloa by mbbi 6 greme of 
eteroh with e HtUe witar to nuke e eraemy nua, end 
poor this bto 000 ee. of bcdltog w^a. 

Take tiro faydrometor Jan <ri 000 ee. e^ueltjy. Put 
400 00 . of water b aeeL 

Mike a sofaxtlan of tboton of Iodine aooonlbg to 
the IT. B. Fhannaoopode and of tide mb 0 oo. with 
90 oe. of water. Fnt 1 oo. of tide dllutod tineturo of 
lodbe bto eeoh bydnmeter Jar and to aaoh Jar add 
aln 0 oe. of the Btozoh tobMon. Mb the nbttona 
thoroii|h]y to got mdfonn hbe oolor b eaeh jar. 

Toai]ajvadd0eo.ofa enbrlinii of Dbatafor made 
fay adding 0 oe. of the oapmerolal Dlaatalto to 900 oo, 
of water. If the temperature of the water la 90* C. 
















Tha Dadabig of Olotk 88 

the itenh irlll ell be eonreited to en^ in ebosb a 
mtimfat end the Une eolor will all dleappear. 

Water that la lob waini (88*) win give a nmoh 
quloker laartUnn. 



MKPMkTiuTeh rp KO. 


THB OBDBR OF MIZZNO 
« 

Xnaraubc athmtion It babi ghrm to the ordor of 
mWng flfwnilMk. Hie farm in wlildh prodpittiai 
ocwor tboir TTinfnhw or hAzmioliiBS tot osfadii 
ptupoM dtpandg on which of the naottfc nil»tanoat 
fa pootcd kilt into the icftotian tcbcL Thfahttmeh 
tanportant pctatieal betring tbot tfao gover nm ent bol- 
lafanc deoling with the mhring of qmyt for fa u eot 
eontcol itiimljtte in vddah ■ocoadon ^ vBiioui Ingro* 
dfanfa dull be tdd^ 

To dww thic aadly to a clam, provide tm dmiler 
80 cm. hydromete Jut and two tort tubca of 
10 cm. Iffigth. Ncar^ fill the iait wHh nradd^ water 
and then to one add a teat tube of eaturated Blmn 
BohiUan and to the other a teat tabe of oanoantnted 
mniQiilg BohitlozL Usliig ths ttft faifagg far tho 

Bubatanoea far which tbay were laib naed, add now to 
the Jar containing the alum aohttliai a teat tube of 
airmignia and to the jar eantaining the ammonia aohi- 
tlon, a teat tobe of alum. 

Mix the wmtanta of the Jan well by aeveral invert 
alana of each, holding the palm of the hand over the 
month of toe Jar aa tt fa inverted. 

Bet them adde for a few monwita when it will be 
aaen that the elariflnatloD fa rapid in the caaa where 
toe ammonia waa added laat and very alow and limm- 
plete in the other. 
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BZPEBJMSNT NO. 4S 


WHITE SULFIIN 

To jotka A qnlok dmnonriamtfan of the fommtion of 
Andy powdand irtflta ulfnr bu^ the oaoniMralBl 
*nin]0-Mlfur” lued for qinyhig tnoi. Thli to of 88” 
Baonmd, Hio oqtarfanent to bort ihown by patting 
A dUnte MTiithin (10 oe. of the fimo-onlfiir fai 400 oo. of 
water) into A 800 oahydromoter jar, and Adding SB oo. 
of ocBioe n famt e d hydroohknlo add. U will be notioed 
that At the inetont of tormatinn the oalfur to praoti* 
oolly white, but h rqddly tone yellow on et^big. 
A Kifaitimi of pbotograidi^ hypo (10 gnini of the 
oiyitAto in 400 00. of water) will predpttate out nearly 
irtlta nlfiv on the oddltian of 8 oo. of oanoentnted 
hydroohlorlo add. The predpitAtion at thto dUotion 
to alow and mokeo a Tory intrating dmumahAlluia. 




EKFEEIMENT NO. 4A 

uqubfibd ammonia 

If »tank of iidijdioiii aimnonU la afrallable, the 
Uqnld may be obtabed from Jt and ahown to the atn- 
danti at the laobne table ymj eoally. The tank la 
tipped ao liiat the outlet b loim tium die other end 
and a robber tobe fHatiaiwd to the ooUat leada the 
Hfpdd into a Hler Dewar Bulb. The Hqoefled am- 
tiwmb. win kMp fv hotna b one of theaB> irtildh, of 
e u mae^ nmat not be at o ppered tifbdy. 


DO THB FOLLOWING EZFEBIMENTB IN THB 
HOOD! 

If a pleoe of thb lubbv tobhig b d^iped into the 
liquid and bA for a few ndnutea^ H win be frcMMi ao 
h^ that it beo ome a buttUe and on befog hit irldi a 
tiflimwMff yriJi Sf Into 

If a tfebub of maouiy be poured Into a laige vatah 
^laH (10 OD. diameter) and Uqdd imwaiHa poured 
on die maroory win be froBOi bvd. 

PUur amne of the Uqnld into a 800 00 . beaker whbh 
b aet b a naU pool of water cm a board. The beaker 
win ooon Ireeae to the board. 












BZFEEDdENT NO. 40 
TIME BBACnON OF IODIC ACID 

'Die time leaetion of lodlo add, vfaleh In tolf li e 
■UitUng e ip a rime nt^ oan be made to ehowTsy eon* 
ehitiTel7 the elhet of dUntion on the ^Md of a 

ohmloftl F unifrimi- 

flohitinne aie made up ai fbUom: Dtaolre OA 
gmna of eodhnn lodate (or M grame of 
lodata) In t few onUe eentimetare of mitr. Poor 
tUi a fleak and add water to make the total. 
Tohnna 900 oe. DlmolTe Oil gnune of aodlom aolfita, 
flhamically pore Na^Oi. 7 ]^0, fai 00 oe. of water. 
To tide a^ 1 oe. of ealfario a^ (1 part OJP. add to 
00 parti water bj Tohnne.) kOz 9 gnune of ataroh 
with enou^ water to make a ereamy paata, eontalnbig 
no hmqw and poor this Into 100 oo. of >>nU*ng water. 
Add the ataroh aohitian to the anlfite aohitiai and 
dllnte with water mttil the yohnne of thla ndztare la 
900 00. Cool tbeae aohitione to room temperatora. 

If 100 DO. of eaoh aohition are poured tofsther, and 
thoron^ily mlmd, it idll be fotmd that the ndztane 
will ohanga to a dark blue eolor almnet inatantane* 
ooaly in aboot 40 aeoanda, the eiaot time depmdlng 
iqion the tempaatore. Tto readhm goea more rap- 
Idlj at higher tamperaUma. ^le eiplanation of thla 
reaotion la eomeidiat like thla: lodlo add la HIO*, 
irtildi may be made ^ tide reaethm: 

m 






88 A Ci^aetian of Ohmiaal Leetmo B^urtmontM 
HJ904 + 8 NdOt = 9 mOb + Na.BO« 

If lodle Mid rsMti wHh nlftinnii Mid, ib* eqnatlon 

fatUi: 


No. 1 8E^ + HI0.=:HI+8EJ904 . 

But this iMstfai olw foes od: 

No. 9 HIQ, + B HI = 8 H;^ + 8 I. 

Hhimo rinoe oUnh puta Is • taib far lodlno (^rliig ■ 
bine oolor) we eboiild get a bine oolor 11 we add 
farooB add to a enlntinn of lodle aeld. Bni the eqna*- 
tioo Na 9 aiQiatBDttf doa not take plaoe mUl bU of 
the anlftarane aold but bam naad up (8 molaonlaa) by 
OM mnlawnla of lodlo aeld or nntU aqulUfarlnm ho 
been teaehed In tide zeaetion. 

If now tiiera la an moeas of lodla aold It will nnita 
wltb amna of tba faydrlodlo aeld famad and Iodine will 
be eat free (eqoatlan No. 9). 

Tlw BBOond leeotfan, then, bu to watt for the fliet 
oiiB to fidab, and the time leqolied, at any gtvm tun- 
pmtoie dqxnds on the (tibitinn of the aohdlaa naed. 

Call.tha oonoBotratlan of thla Bohitlan iriddi reaota 
to ^ve the bhie oolor in about 48 BBoondB, the 100 per 
omt ouuoaafaation. Take aaetly 90 oe. of eaofa Mo¬ 
tion and add 80 ee. of watm to eaob. Tlia Bobtiana 
Bie now 90 per eent m oo n e m trated aa they were. 
Poor theae aohitiana tosotbar end take the time le- 
qnlred far the bbia oolor to appear. Bet tUa mUure 
aalda alnee It takaa nearly 40 nlnntaa to leaet 
Do tbe aaoe tUnf with 40 00 , of BMb aplntlfln and 
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60 00 . of inter, 00 par ont oonoaiibrtilan; and 

80 00 . of oBoh adhilteii and 90 oo. of mtar, maUng 80 
par ootfc ooPfl oiiUaH on. 

Baaord tiio tiniB taka aaah of theaa 

Plot aofc on tha blaokboaid a oarra pulting aonaaa* 
teatbna u abaolnaa asd tfaiui aa oidliiBtei laqwot- 
hrelj, iliaa riuiwing grapUoallj the afhot (Hhilton 
on ooneatrattan. 

TUa time naotkm abo laoda Haalf mil to ahowbg 
tha aflbot of Lauiparalura a vaad of zaaoHon, pro- 
vldad tba tmpvatDna an low. Wha tha tempm^ 
ton la hi^ ataroh hydnljm to aooh a aitaat 
that a btae oolor la prodoood. 



icx l^Oi 40 


EXPLOSION OF HTDROQBN-OXTOBN 
mXTUBB 

(EnADfM) 

The oqdoikm of a mlxfain of two parte bjilniBn 
and one part oiyiai, oaa be Mfely a^ ytef afanply 
■hoiwiit ulth the dnloe lUuatratad. 



A aide-Daak teat tube, 14 om. lonft and 2 am. In 
dtametv, la buorted In a teat tube bolder or la olanyied 
juib above the table, A S-hole rabbor lAappa 
Sttbig ^ tart tube oairlea tfaa tabaa whlob have 
platlmim vlrea about 1 am. In lenith aaalad Into tba 
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Baptoticn 0 / BydrogmrOtygan Miattn 01 

mds In nub a way that abonfc half the wire Ic-hilde. 
the tobe and the other half outdda. To then plati- 
nnm w li ea have ben welded pleeae of ahaeb plsthmin 
about sn> by S om. In dhnmion. It la a rimple 
Tnntit to heat the wire and pi*rinmii hiU to white 
heat while they an in the proper poaUion fta weldhig 
and to OBDrie thm to adhere by one amart Uow with a 
ha^Din^ri 

The tube abould prejeet throng the atoppar to aoeh 
a that the platlnmn foil will be about 9 am. 

Iran the botton of the teat tobe. Maroory la pouted 
into the tnbaa to abont l am. dqith. He aide nebk 
hoa faatanad to it by a rubber eonnaotor, the inaide of 
iriiloh baa been coated with ToaaUne, a tube about 
90 om. in lancth and 7 ™n- aitornal (Uametar, In the 
oppv port of thla tube ■"*11 gnnnlea of aoda lime are 
looialy padked. The Taoallne praveula the dUntagra- 
ticrn of the rubber by the oeane fanned. 

BulAule add, 1 port aald to 10 parta water, la put 
in until within 9 am. of the dde-neok. Oare moat be 
taken that the eleotrodae do not tooeh. 

Wboa from the aoune of dbeet ournirt having a vott- 
Bga of about 8, ore inareted Into the tubee ao tiiat they 
dip into the xnaraoiy; BleotrolyBla will begb, and 
the idude apporatua la very mall, it takea only 
a ray ahort time to dleplaea aD the olr. After it baa 
nm for 9 or 8 mbnitea, dip the end of the dellray 
tube Into a ao^i oolution contained in a aballow vnp- 
otnting dldi or aryatolUaing pan, wait until a folriy 
large bubble boa been blown, and then ranove the 
dfah wntHalning the bubble to a dietonee of at leait 
8 feet end eivly a If tfalnge have gone w^ 
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iliem win be no doubt ef the vlolnoe of the eiplodon 
of tide mliUire. 

Tlie aodft lime granuki pnvmii the pemige of ool- 
forie eold, lAlah nd^t be meohaidoelly oairied over. 
If eoj got ant the teUdae would be deetrayeiL 


KZPEBIMENT NO. 47 


FBRCBNTAOB OP OXTQBN IN AlH 

OnS of tho oldor of Hninj tiita Mjiiirfiniit 

■dvooatad the uie of a quart fruit ijuieiinilin Jar In 
whkh plu»|dwraB waa burned wblle the lid via ti^tly 
olamp^aiL, TUa'ahnja gave more s laae dlffloulty 
beeauae the heat due to tho oombiiatkm of the plwMh 
pharaa eipanded the air to nah an eataut that aome 
air abnoat Invariably loakad ouL ^ila la due to tm 
oaoaaa: fliat that fruit Jars are not dealgned to irtth- 
atand preaure from wHhfai hut only from nitboiit; 
and aeoond that the area of the oow la very large 
and hanoo nay aeeure faataning la demanded. Him 
objeotiona are eaally overcame by uhetltuUDg for the 
fruit Jar a eleor glaa aoda bottle iritfa a olamp atoppar. 
Hda la HiMignarf primarily to wltbotand preauro from 
nlthln, and haa a mail mouth, tfaoa overoamlng the 
ohjaotlonB to the fruH Jar. 

The holder for the pboaphonia la held b7 i onric of 
Buoh alaa that it vdll Juat fit firmly into the naok of 
the bottle and ean be poahed In about S am. Hda 
eork ohould have a not^ out lenctfawlae In it^ and a 
hole hi it to hold a glaoa tube drawn out u llhiafautad 
to form a holder to the pleoe of phoqiboiiua Hila 
■boold be about 1J asa. Hm phoophoma in Ha holder 
la now throat op Into the inverted bottle and *i"**»^ 

08 
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by emnnMdag the iBjf of the on or tbe nyi from 
■n an Ugbt an it unttl it tika fin. Hie oandniiiDD 
may alao be ataitad bot 1 m qidakly, by planlm the 
bo^ b aoiili podUn that any a uuro e of heat irlll 
Tiitao Iti t emp er at ure gndoally (a^ on a ndlator). 



After the oombnatkn baa naaed the bottle la opmied 
undor water, the lerala adjnated and the water wfaloh 
haa bean aooked In raeaauied, leering the phnaphorua 
bolder atUl in the bottle. 

The bottle ia now filled with water, the atopper 
(damped In poalilan to fane out any enw end the 
rofanna of the bottle detamined by meoaoring tbla 
















Permntagt of Oxf/ten ix Air 9S 

unonnt ol watar, Tbk method k vary «hnpU^ eedly 
undentood, end k praetioally 
Both votamoB an than radueed to atandard ooimU- 
tkna and the pmantafe of cxygm In the ak ohtBlned 
fay the foimula 


YoL air — YoL raaldiiel goa 


s Per eant Oxygen 




EJPEBIMSNT NO. 48 
THE 8TAB1LZZINO OF FOAM 


Tlw lln fifliitbs method irtiioh oni fln fiwm hoe a 
ooantapait in eome of the modem povdan. 

'Whan btUng powder k put Into dou^, the albinni- 
DODi oampoundB pwe ut tdnn a prote c tt re ooetini 
araond Um bubblee of eaitxm and pndooe a 

moeh man i««Hng foam k produoed h7 IfM bak¬ 
ing powdor mind with water alono. 

^ a talking point to be need bj demonetmton, 
howwar, aome of the pioMit daj powdm man- 

nfutniaii are putting in a ewiall pn iiiailag i n of egg 
alboman whleh, iriwn the hwHng powder k denum- 
ak^d, predooea a my laiUng foam to the wwnnmia 
detrfan^ of the ii?al baking powder, idiliih may pro- 
dnoa ae mneh gaa, but whore fn*™ k not j^wnmnunt, 
Hie itral baking powder may, bowavar, prednoa ai- 
aetly the aame raautta whan mliad with the dou^ 
Prooure a aampk of tmHng powder (or mui 
up) known to no alnmwn. Powdor a Tory 

amall amount of egg albumen (1 gram fv 100 grama 
of baking powder), and add thk to a part of the 
aample. If, now. parallel aqjerimreta are oairiod out 
with there tiro oaUng powdaa, taking 10 grama of 
aaah In tall prao^dtaUng Jam and adding 5 o& of 
watre to eaah, it will be abown that a laiting foam 

n 























Th0 Stdb iMtm ii of Foam 07 

irlU be prodneed irtth tiie one the egg eSra- 

maa end the foam prodaead bj the other will dlaap- 
peer efanoat at onoe. Hie one wfaleh baa the albomaa 
In U may be eompletely Inverted wUbout T^iUng e 
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drop. Thhr la a qilandld Uluabation of the appUoatioa 
of "nllnlJ wh w ti l i if y tO a wwnrnnwtl*! prodoot) but It la 
valneleaa u far aa the bread pmduot la oanoemed, 
eboa there are already albimilooue anhataiwee b the 
flour and none need to be added. 


I 



me >*gH.TMTeW T NO. 49 
DIFFUSION OF GASSS 

Tlw dlflaeoee In nie of dlffiwlnn of pM of dU- 
tiwmH Hundtiaii tbnm^ t poram wall can be very 
endly ud oanTinabiiiy ihowii by meuw of the 
eppentof Uhatr atod . 



'Die poroiM ciqi A hu ■ tight fitting ooik Btoppv, 
vfaldi bee ben in mdltad panlb to eluaa Ha 

pone. The gnitll beaker B la olainped to the ni»)^ 
and la oloaad by a S-bole nibber atopper, one hole hay¬ 
ing bean enlaiged to take a pleoe of glan tubbg admae 









Diffuttcn aj Qomk M 


tttmal dUmotor la 1 am. and irtiloh ii 7 am. 1 od|. 
In ■"ftfhwn of tba holoi a pleoe of tuUng of 6 mm. 

wwbifna.1 ■Tw^ 7 {g plaaiwl. T UmWng 

pcMtf an faatmad to the uprig^ nqipaiit, the hdaa 
tinoa^ thorn bebig vnrtiaal and ai far apart oa am 
the oaaton of than tuboa }iiat mentioned. Fleeee of 
kad wlm (80 ampere fan win) on now peaed 
tbranid^ the bbidlng poeta and down Into thoae ilam 
taboo, the idaoe panlng thnogh the Bnaller gUeo 
tobea pro ) eetfag atxxit 8 TUTfi, below the tobe and the 
ooe poml^ Into the largBir tobe atiqiping abort of the 
bott^ of 0 mm. It la nmcmtial that t^ wire in the 


lai|Br tube be oenkoUy plaoed. Hmmib the tUid 
bole of the otopper dihita U-8) aulforlo a^ la poured 
until the hntfa™ (d both ^laa tobea are ooTerad to 
the doiith of 4 mm. The glaaa tube ouiiimutlng the 
ponnio oop and the beaker pomae through the third 
hole In the otopper. Wlrea d aoflSelent alaato eany 
the elfy Ughtbv elreult (or batteiy ourmil, If that k 
to be uoed) ore brau^t down to ^ baae board from 
the Unding poato and an elecbtle U^t aoebt lo wired 
In BBclaa with theaa tennlnala. Ibe eleetrlo bnlb 
obould be of a woltage for the current uaed 

and ottbar poato or plug oonneotan abould be 

attodud for oonne^ng to the aireult uaed. 

If now a ataeam of tUumlnating gaa or hydrogen In 
dlrtoied at the poroaa oop limn a dlatanoe of about 
10 cm. the gaa will go thno^ the poirao of the 
oop 7017 rapl^, while the air inalde eon get out only 
olowly and beoM a preaa ore lo created In the poroaa 
cup whioh will fane the odd-level down In the beaker 
and IQ) In the tuboa Immeraed In It, tbuo eompletinii 



100 A OcUaetiM ei Ohamiaal Laabma BxpaHmmda 

On liopplDg the flow of gu, I2ie 11^ |u oomBi oat 
from the poioai oup Initar ilr goei in, ud th* 
IB vein tetlcB takn plaoe, putting oat tbe Ughb 

'nie itreun of hjdragen fmn a pranon tank wIH 
oponta thla devlea fram a dlatanaa of mon than two 

TU< davloa maj alao ba abown to ba oapobla of 
opentlng in tha levon dlreotton. 

Boma addUdonal elqB Lroiyi a la aiMwH by moana of a 
pipetta until the lamp Juat nmalna Ugbt^ TUa oan 
ba eaally Mnmwpmmrf by gp ■nnwi of the 

elaafarolyte in a oapUlaiy pipetta made of ordlnaEy 
faihlng^ imd inboduoing it timo^ tha fabt in 
irtdah ia the lead win. 

If now a heavy gaa Ilka oaibon dloiide ia med* to 
niTonnd tha pofooe cap, the air will ooma ont foator 
than the heavy gM gate in and a ndneadpreaa u n will 
nnlti nda wUl id ohange tha level of the eleotio- 
lyta that tbe light will be mtlngulahed. 

(Alonfann ponrad onto tha itapper of tha poraoa 
oop in Boah quanUly that it doea not flow over tha 
edn but oovan the whole of the top, will aoon ev^H 
ante and auimund tha oup with Ita bMvy vapor. Hie 
light will ba MthignWhwd but vlgoroua fanning will 
dlipal the v^wr a^n. 

Obloiine and aolfur dlnrfda woA wall aa heavy 
gana te thla eqierimanl^ bat their itiaaiitiiialilii odoia 
make imA ^ i a tiiii i 
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EXPERIMENT NO. 60 
COPPER PLATING OP PHOBPHOKUB 

A ittok oi phtaphona 8 on. long by 8 om. In dlimn- 
ts li Htraped dean and pot into a aide monUied id>M 
etoppered MUa In afaioh k a ooneHntrated aohitinii 
of oopper ■nlfdta. 

After the Ispae of a ahort time the oqqMr will have 
plated ont on the atldc of pho^dtonu and If tfane 
*n<Hh la allowed, the eohiUan will haye beeame oolor- 
laaL nds ean be need aa a good method to protect 
the pbo^Jmroa from the aotlan of air wfaen It hi being 
out, and It alao eoyaa to pr eve nt the handa from oom- 
Ing in oantaot with the phoq)bimiB, thua avddbg the 
nae of tanga 

la a very fine way to lUoataata to atudanta the 
dllteaaoa betwm Iona end atoma. Icma of oopper are 
bine but aie —invin pink, ^da cblar of pore 
oopper can ■nnMtliTiM beet be eean by peeling off aome 
of the adherent oopper and looking at Ita nnte aide. 



EZFEBIMENT MO. 61 

' TIMB REACTION OF ARBENIOUS ACID 

^le tisM reaotifln of lodle uid ii vsy mil known, 
bai tho time neetlon of the pt e ulpH etimi of anenloui 
udd with hypo, not eo well known, wai winked out 
by Profemor Foebee of Hemid. 

Tb Aow thle, tike 6 gn u ne ol aiMnlone cnldB 
A^0|, 86 ee. of emeenketed HOI end 400 oo. of water. 
Boil ttda for five oool, and fitter the 

■nlntinfi. 

Add tide, In equal Tohnne, to a eohifdan made by 
dUntlng a aatniated aodhnn thloenl f ate (hypo) eohi- 
tion with tta own Tohnne of water to grt a leaetlcin 
iridoh will etart to pran^dtete h 90 BBBo n de. 

Hie exact inoeedtare to ahow tbla to a olaa le ear- 
rled out In tide way.-Tbe wihitloin of aremkini aeld 
(100 00 .) la oontalned b a lOO oo. meaamlng eyttnder, 
and the une rohnna of hypo eolntlon la b 

another 100 oo. maaenring eyUnder. At a gben b- 
rtant) noted on a time pl^ the eobtlane an poured 
abiattaneoaely bb a 900 oe. meaauibf qylbder 
whleh la then Inserted aevenl timea to mb the aota- 
tbna thoiouglily. It will be found with theae oonoen- 
tntlana, that a very al)^ ohange b the ec a ioa niraU on 
will ham a very marked elleot im the ttaoe. Boltla 

m 
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Importu t thsb the ]an be diy rt iha etui of the 

The pnolpltatB wbleh eileki to the dde of the Jar la 
eerilj oleen^ off irtth aiun u uil nm fajdrailde. 


EZFEBIMENT NO. AS 


INFLAMMABILITY OF CAKBON BIBUL- 
FIDB 

HiKt oarboQ Hmlflflw oan be vaiy onilly ignltod, 
even wliboat the pteMDoe of e flame^ oen bo ■boim 
In thli maimer. 

00 . of the Squid an pound into a vatoh glaai 
whloh la eeton an aabeatoapiuL A thannometar nad- 
ing to at leaat SAG* la waimad my gmdualfy In tbo 
Bunaen flamoi the bnating befaig gnateat at a point 
Jnit aboTO the bulb. When tbla baa been tbarauj^ilj 
heated, the bulb la gnduaUy heatad until both bolb 
and about 3 am, of the atm an beotad to amund 
SA0«O. 

If now, thla heated aid la moved about ow the 
aurfaea of the oarbon Mnilflde, the vapora wUl taka 
fin. 

Put the flame out by ooveilng with a atyitalllaing 
dUi or beekor. 

Tba y^jora may be zdigfated aev^ befbn 
the thamomoter heoomaa too oooL 

^ glaaa rod la Joat aa effeottve when piiqiariy hoatod 
but the thanncmwtar glvea the tamperatun irideh oan 
be read to the atndenta. 
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BZFEBIMENT NO. 88 


LOW VAPOR PRBSSnRB OF SULFURIC 
ACID 

Hu fuithst anfinaiy oanoantntad ■olforie uld hu 
• lea Tapor praanra than the watn hi ordinary 
■ITi la vary eaiiTbaingly ahown hf potting 80 oo. of 
flunn e ntr atad oammendal add into a 100 oo. ^yllndtl- 
oal graduato eaptblo of holding a oonaldatable oocoob 
over thla amoani lUa ibould be pnt in oomB oon- 
Vioaou plaM where itodanti may MO ih 

Altar a time it will be noted that the Toiume of ^ 
aeid la inareaied and it will eabtinue to inareaie until 
the bolk of the dlhitad aold k well oear the lOO oo. 
mark. It haa bean known to go ai bl^ aa ISO oo. 

If a graduate la ehoaan the 100 oo. mark of whloh k 
8-0 am. below the top, then k little dan^ that the 
Uqnld will overflow. It k obvloua that the Inereaae 
in bulk will ooaae when the vapor proBute of the aoln- 
thm k equal to the vapor proBore of water hi the 
atmnqdiare. 

To faMne having the aulfnilo aeid in a moiet otmoe- 
pbere it k beat to plaoe a wide booker with water In 
it noar the graduate and oow both with a boll Jar. 

TUa eipeitfaiiant ahowa atudonta why the aold bottle 
in a Are —tfwjFiWhwF k never more than half filled 
with the ooDoentrated aold. 
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EXPERIMENT NO. M 


« SBDUCnON OF NITRIC ACID TO 
AimONlA 

To iboir the iBiuuikeble ndtudog powv of nieoont 
hy dr ogaa, iMke BO gnzne of liiio In a ntber tall . 
beakaTi and add 10 oo, of a lohitlan of nitrie aoid (1 
part oonoentniadiiiMe to 10 paitowater). BttrimW 
a thlA parte hai been farmed. In a momant or two 
the leaotlan rlgianm and olonde of am- 

mnirta poor out) wfaloh feet oon be dm n oiiafaatad by 
aiMpendlng Jnrt hi the mouth of the beaker, a mol»* 
atrip of red ttfamia paper or by bolding In the 
fumea a j^las itoppar molrtaDod eanoenintad 
hydroobloilo aoId. 

uxTOi B NHf ^ B HflO 

NH. + HNO.-»NH^NO, 

U would Msn that there mart be an Intarmedlota 
prodnet) ammophim nltrat^ fanned In thla leaotlim, 
and thk aaema to be enhatanHatfrd by an eqNrhnent 
wfaloh thle' anHweitloo led the anthor to try. A eat- 
urated eold aolntlan of anrmnrihmi nltrat^ (2S0 oo. 
lot) oontalned fai a wide mouthed 000 oo. beakor, 
plaeed In a rtiallow iny baa 30 grama of ifaia dnat 
added and well aUmd In.. A vlol^ roaetilaD begfaiB 

lOS 
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Rlmiiib at 0006, ID Tlolont that it payi to atand a late 
dtomw Bwiy. 

aiondi of am mnnU an lOcewln crndvid in thii a- 
inliiiiit. 

If jroa would like to ihow your aim how aeiUj e 
fin oould be itartad quoad a Bnooth olnular l^er 
of wall dried pu wdend ammanhim nitrate about B em. 
in diameter and 6 ™h- on a Are proof lurfaee 
(aabarioe). On tUe pot a itanilar layer of rine duri. 
In the oentar make a dqmarion In the line dori all 
the way throuf^ to the nitrate layer ao that yoo aee 
nlbate eryatala. One drq) of water in the depremhm 
ifUl make thli pile blaie with ftnioui vlgpr, 
nda eaqwriniant diowB how anally a laboratory 
eoold be Mt on Are If ifaio diiri and ammonium nitrate 
w«e atond tofftber and both eontalneia baoame 
broken. A leaky roof and ereo a heaTy fog nd^ 
■et the bulling aAn. 
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espebdcent no. u 

NITSIC ACID PROU THB AIB 

A laotun table demoiiitnticiD of the lonaatian of 
ntble aidd fay the r*—np of qtaAe throng moM air, 
la eailly earrled o^ 

An induetkm coll oapeUe of ^ng dne-fauh qiarii 
la needed. A 000 oo, round bottom fladc la elampad 
hiTnrtad to a ring-atand. Fitted to tUa flaak i a 
S-hole mbbs at(g^ through the holea of wfaleh ghua 
tobea are thnnA theae tuba beliig of aueb laigth that 
they leaoh to tU middle of the ^iherloal pari of the 
flaak. Tlw lower enda of theae tobea ttioold be boot 
all^itly, ao that the dlatanoe between the ei tmmlt lm 
ahi^ te aonunrtiat greater than the dlatanee between 
the two holea in the atopper. 

Nomber 18 oopper idiea are puahed throu^ the 
tobe and bent ow the edge of the tube fax aoah a way 
that they eannot dip out) and ao that their enda are 
about 8 mm. qxart outer eoda of the wire are 
eoimeoted to the tamlnala of the fnduetlon coUa. If 
now the Inalde of the ,flaA la m ol ete ne d thorau^ily 
with water, and the twnnlnali are planed In p u a l tto o , 
the pamji of qiarka aoram the gap made by the 
wliea will oanae ^ oiygai and nttrogen of the air to 
■twwWn*, frimilng btOWn fumao In 1 or 8 mtnntM, 

im 
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Ntirle Aetd from iMo Ak 

ThMS win be dlaolved by the wetar nd If a pieoa 
of bhie UtmuB paper hu been pEerlaaily made to itldk 
-to the iiuMf waUa of the flaikf it win be hod to tnni 
red, ihowliii the fannatUm of an add. 



Altar nmiilDg the devloe for 10 mloutaBi take the 
flaik off the rfaic-ataiul and pot in 10 oo. of diaUllHd 
water. 'M"** the waUa of flaA thonnii^ily with 
thb and add a vary littla neotaml Utmna nhiti^ 
That the add la aotoaUy nlUe add aan be ihown 
by the nual teat for a nibata. 






110 A CitOaaiimoiClmdBiAlM^ 

iMdtiou Ixivolvod In ibe aqMrfanant nuij be 
tfane: 

Ng^" Oi“^®NO 

9N0+0,-»2N0k 

+ 9 NO.HNOi + HND. 



EXPERIMENT NO. M 


BDXNINQ OF ACBTTLBNE IN 
CHLORINB 

acthodoK of diowini thB nnloD of 

nhinrfim irlfh the h y drotai of o bydneubon k to 
WMm ■nma UiipODtlDo (o hydn)Oubiii)i dip a plooo 
of pipv iiul ildO ft )U of rfllorioo. 

TUi w m fal ODOoeHfnUy, bat glTW penobcoting 
and jMiwiprit odon that It Is too onooiiifnriablo m a 
laotare table damooiintloiL Hie nma tidni mtj be 
yntj pi—■"tiy ehnink witli a Jet of aeetylene frani a 
r iwt o-Bta tank. 

CiB; + 01. s 2 HCl + S 0 

TUi k «!«*"* bj tafaig a Jet made by b en di n g the 
wnaiiiip and of a blow pipe into a mdqI drele whoee 
tHflmrijiP h about 1)4 om. Thk Jet k eonneotad to 
the tank by "***"* of a nbber tobe and the flow of 
teetykne tbroo^ It Is lagulated until, wlm limited. 
It will make about a 2 om. flame. 

Ilia Amm k now bloim out and the jet k faninened 
Into a Jar of ohlmine edmreqMn It wUl be eesi to taka 
fliB ^piT**^^****'**y wltli the erohiflon of a very oopiaui 

^nie hydioohlarie aeid wbleh kpndneed at the aame 
lU 
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llfl A CoOtetbn, of Chmiedl Leatun MtptrimtHU 

Hm om be teetad lor hy hriniiiig to the numth of 
the bydrometar iar, whUe the laa la rilll bondni 
ndthin it, a plaea of Altar paper i^oh baa baao dipped 
In aboDi ammonia wi^. VUta olooda of amnuailinn 
ohlatlda irfU be prodooaiL 
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It la boat to perform tbla egqMdmBnt b the bood, 
rinoe irtth oartnn bnmlog fanpvfBotly and with an 
omeaB of ohloilne pneent, there la eome ehnno fbr the 
fmnatlan of phoiiffie, wbleh la pcdaonoiin. 


CA+Ca. = 8HGl+SO 
00 + — OOOli (iduMfena) 



BSFEELOCENT NO. 07 
SXJPBR-COOUNQ OF A LIQUID 

The eupttr-ooolinc of a UqDid b beantifoUj ibowii 
by taklnB a botUe of Mdlo aoid 

trtKMD freaiiiif poiiit b 16*0. and oodUnf H Is about 
1 bour in loe irats. Hie aip s im an t b gmankUy 
fknmd to be aoeoMful If the bottta b luuuersd in a 
pall of ice water at the beghnibig of the beture perio d 
and allowed to oool until the end of the leeture. 

BoxnetlnieB utrnplw JiaMng ifUl atart the eiyiblllae'* 
tinii- The rubbing of the ^las riopps b lb net, or 
the "tiaklbi^ wlb a f^bn rod ntnwHiiiM i^ve 
snelol on which the nyitafa will fuin. To faieun 
otyatalllaatW, hem a UtUe of the aeld tnien aoUd 
in a teat tube by iiuiuenlug in loe and nlh If other 
means fall, esepe oat a oiyntal by meana of a glaea 
rod and the aqierHiooled Uqidd with thb. 

Ooolhig the aeetto eold ont of doom b pnaralty 
piaotloed but it b too imoerteln, the co n d l ti oiiB being 

BO TAriftlllBi 

Tlie method here stated prietioally elwaya gbea a 
good mult 


U8 



exfebucbmt no. u 

A SUPERSATURATED SOLUTION 

Hm bart Mbrtiane to Bhow Bupnatuntlon mcds 
to beacMllam Met rt a 

Pot 070 gnnfl of CP. oryBtaHiBwd oodlam ocetata 
in A bottlo or fluk OApablo of bolding dlgbtly mon 
tliAn A litar. Solflat for thli Hxparhnwnt a bottlo whoAO 
Ini^ nrf aoe la amooth and nao a oork mthor tban a 
^aaa atopps. Add 000 oo. of diatilled initar and 
plaoe the bottle In oold iratar in a pall, bring- 
ing the water thardn up to boUfaig and keep it thua 
all of the aeatate la dlaaoNed. Then boll for tan 
mlmitaa mote. 

lUi latlo of aceta t e to water haa bean fbond to 
work ver7 welL 

Ibe atoppw (oozk) ahonld be boiled in the water 
while the bottle la bdbig heated to dlaaolre anj erj*- 
tala that may be on it from prevl o ga nae. 

Whan all the aeatate la In aohitlan plaoe the bottle 
b A quiet plaoe, near or at the location at whkh it b 
to be ahown, with the atoppar plaeod Ugbtiy on the 
month. Oontraotion on Qoolbg will oann a Taonum 
wfaloh will hold the eoA too flimiy If it b pot b tlfd^t 
etlbaL 

About two boon ahould be allowed for oodUiig. 
TUa moat not be baatened by any paDoeaa. 

lU 
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A BufanaUrattd aokdUm 

WliBD tha tampontnie hai wwohed room n^TwHttfma 
twlit out iba ^tappa gmtij. Bomathnea tba innrii of 
air will start tiia arystalHaatinn. moat q>ao- 
taoular waj to loaomplUi thla, howavar, Is to dip into 
the jolddla of tha aolntlon a rod 20 on, in langth 
leavtaig on Us ad a lai|B knob. OryataUliBtiaQ may 
now starts bub If It does not, ramora the rod and nib 
the and with tha flngsr tmtU arytala farm on it Ba- 
tom It to the "iMrfU of the aohitian and watoh tha 
ball of orystals form uid gniw until tha bottle Is a 
Bottdly filled that it may be Uftad by tha ^aa rod. 
Thla Bohitian may be repaotadly. ' 







SZFSBIMENT NO. N 
SOLUBILITY OF lODlNB 

A isw flikai of lodbo an riukm ivltb 900 oo. of 
watar and tiio clan diown that Taiy llttia baa ima 

<Trtn ■nhrdfin A mfant* qofllltliy of potanfaxm 

la-now drqiped in, vhcraoixm i£o brown oolor of the 
aohitlan ini^oataa that ladtoB baa dlnolnd. 

If now thla la pound into a aepantoiy fonnal and 
a la^nr of ohlorafdnn (aboot 100 oo, in bnik) la airo 
pon^ in and the mixtm abaken, it will be aoen that 
the iodine baa pme imn the watar into the ehlonfbnn 
aa will be made evldait b^ the pnrple oolor of the 
ohlarofotm laTOr. 

Hie watay lower layer la now oomplotoijr wlth- 
dnwn and a aohitim of aodium hydroilde (900 oo. of 
10 per oent aohitkm) poured in with the dblorofdirm 
layv. On ahaUng thoee two tofother the pmple oohr 
will diaappear abue rodhnn hydrailde fbrnia a oom- 
poond with the Iodine and eneamldnod Iodine 
gtrea ehlaroform a pmple oolor. 

After all anlnr baa dlaaoDoand add 100 oo. of 1^ 
dilute hydroohloilo aold. Hde^ aet the Iodine fne 
again in quantity roough to prodooe on ■hnHwg, a 
nappoaranne of the pn^ oolor of tto ohlarofann 
laym. The watery layv la now oamptately with¬ 
drawn and a buga enea of potanahun Iodide aohitlan 

lU 
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la added (SQO oa of 10 per oent aohitlcm) to the 
ehhnoforni layer. 

Potaaeliiiii Iodide la auppoeod to aetirlth free lodlno 
to fonn tha noetable oampouDd 

El 


On thla mfaduiB noW| the color of the ohlo- 

refonn layer trill be lergBly ranorad, ehotrlng tiutb 
the Iodine baa gone fram tho TmeamUnad atate to tha 
atata. In the watory layer the Ela bnaha 
np anouidi b) ookr tho aoluttn brawn bat ^ laiga 
emoB of El awida the eqnllibihnn to the il^t aa np~ 
reomted above and moat of the lodlno k eombiTiad. 



EXPERIMENT NO. 60 
SACKIFICIAL METALS 

If two dWenat meUk an In oontaot In the iMBun 
of dlluto add, tbe one ^ddob li moire p oe lUv e In the 
eladramotire Hrles la the one toted upon bj tbe add. 
Henoe <Be metal aeta to imtaoi anatto. Ihaetioally 
"galraiilaed'* bon la bettv than 'Hlimad*' Inm, aboa 
onoe tbe ooatbg la broken In aold, the dna of the 
fdraiildng la dlulred rather than the Imn, vhlle In 
tfamad Iron It la tbe Iron vUdi aaerlfloea itaelf and 
aavea the tb. llila la qdaodldly ahown on tbe leotme 
table to email elaMi at Bfven aa an fndtvldmil e a p arl - 
ment In tbe laboratory by taking four ateel pau and 
inaarting hi the pnmg of No. 1 a pleoe of dno, In N& 9 
a pleoe of tin, b Na 8 a pleoe d magneabm, and b 
No, 4 a pleoB of copper, Ibeae plaoeo diaold be wy 
tfab and elean. Pbar beakere era imvlded, b eaoh of 
wfaleh there are 100 oo, of water b wUdi have been 
added two dtqia of dlbib aalfnrlo aold and two diopa 
of potaariom fdrloyanato aohiUon. One pen with Ha 
aoeanpanybg metal b dropped bb eaoh of the beak- 
en. On allowing them b atand for a few numenta it 
will be noUoed that the aohitbna bb iHdoh pwM 
No. 9 and Na 4 have been dropped have tamed deep 
btaOt doe b the fmmatioin of Tinnboll^ bbe, dwwbg 

UB 








119 


Sagrifiaial MeialM 

that tlie Iran has pa«Bd Into rahitlon: bat tiie BohH 
tkna in irtileh psa No. 1 and No. 8 wan pot Aaw no 
Uue ookration lAatarer rinoe it ta the me tal other 
than the bcD whkh dlraolrfli In ibaae earaa 



EXPEBIMKOT NO. 01 


THB CqKROaiON OF IRON 

Tlie fact that tbe ban In n plaoe of "tb" (lAldh 
1b tb ooBtad bon) raiii futar than the bon bi a pleoe 
of "falranlMd'' boo ean be beantUolly damonatrated 
to a olaa fai the foUowbig mannw. 

Beotm a Btleik of bie a etudi of tin both of tiie 
BamailM, Near me end of eoehimp abont ten tuna 
of ftoa bon vbe. Pnt a rabber band eat from gaa 
tubbf OTor tiie looae enda of the irbe to hold thm 
b) plw 

Fin two hydrametv jua (or 800 ea gmdnatn) vith . 
water end to aaeh odd two dnpa of uouoaitrited aol- 
fuilo aeld. Alao add drqa of potaaefann toriOTanlde 
aohitlan until tbe Bohitian on mlibg la all^itlj TaUow 
fai oolor. 

To beam anUannltj In the two Jaia It b beat to 
miz both adlatiaaa b a larger ymni and poor baB 
Into oftoh JiTi 

Stand the atioha b the Joia, the wbed wida npritfit, 
and abOD tbe femna aolfate fanned by tbe ban b 
oantaet with tin wlU produoe TunibuUb bbe. Bnt 
the bon b eontaet with the tine wUl not go bto 
Bobtioa and henoe no bbe eobr win be Been. 

OtmanHation of the table of the Elaatramottve 
Berlea wlU ahow thotbon ataada between abo and tin, 

lao 







BXFEBIMIENT NO. 61 


THE HTDROLT8IS OF AMMONIUM SUL¬ 
FATE 

A of ^Tpnvynhtm Ttlfk fai nm boOODlfli 

•aid, daa to the hydiolTBlB of the ammanhiin nilfhta 
to km emiTMininiii hydraride and ■olfurie add. The 
■mmfwilntn faydroilda bofaig aaally diwnrnpnwd Into 
Yoletlle gaa and watari laaToa the lohitlim 

end the nenatader acmtafaia the anew of ■ulfmio aaU. 
TUi ana be Toy ntoely abown bj teJrtng about 6 
gnune of ehendedly pore anunonium mlfate and 100 
00. of water and baUing thla In a flaak irtdeb la pn- 
Tldad wHh a one-hole rubber atopper eaiTying a 
doiUilj boat dettrea^ tube. lUa la ao moun t ed that It 
maj be heated hf a Bnnaan burner, and a fladk oon- 
gQQ y g t e r to wblab baa b—" mIiIimT g 
few drapa of phennlphttalidTi aohitlan la plaaed eo that 
the dettVary tube la about A am. above the water. On 
baUbg the gimnonhnn anlfate mhrtion the pbenol- 
phthel^ will tom pink. 

The eqMrlment ean be made even more atrlfclng by 
putting a few dropa of phenolphthalein Into the am- 
monfann aulfate aolnttoD and adding enough aodlum 
florbonate tihftlnTi to produae a plnV oolor. 

On boilfaig, thla pink ookt dlaappeaie and aoon after 
the water In the reeelviiig flaA beoomaa ]dnk. On 
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Tha of Ammooimi, Stdfato US 

eooUng the ■""imnfatm nlfite i hitlon (he pink oolor 
nenwan to aomo eatoDti probabtr doe to the fact 
that hwiJnj ftvon the nnim of the NH« lane with 
the OH Iona preaent, fonnhig imdliwrwlatad ammo- 
nlmn bjdrazldeL 

II 



That thla ia the eiplaoatioQ appeaia to be tnie from 
the faHowing aaperifnflpt 

A sn 00. flaak la hall fall of dlatUled water 
and about 9 dropa of ammoohnn faydroilde on added. 
Dfopa of p>»«»wtiphfiiaMii an added until a deoided 
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pink oolor !■ obtobed. On hattliic tbli ■nbtinn now 
the pbk oolor will ell d]iq)|>eer, It wUl leepiiMr 
whan the BohitioD le oookd egeln. 

lUi eiperiiiMDt Uluitntfle the inetbod by wbloh the 
weedka lawn wu produoed tt Bhode lalend State 
Collegia. Ilu planti tela tq) the nmmonla end the 
add left in the nil le nnfeTareble to weed growth 
but don not Inhibit the growth of gran. (Bhode 
lalandBenL) 


EXFJQUMBNT NO. 88 

PSOTSCnVS COLLOIDS 

Btadenti ahould be ihown iluti oartaln enlwtaiioHi 
prew n t tiie loooeMful praoipiUtlan of meny inb- 
A good enmpje to the efleet of gam ueUo 
on illTar ohlmlde pradptioitai 
Make eohridomi ei fbllowe: 

0. One gram allvar nitrate In 900 oe. dtotilled irater. 
b, mre ee. eonooitrated 0,P. hydnohlaile add In 
40 oe. dtotiUed water. 

A live grama gam onUe in 100 oa dtotilled water. 
Take two 800 oo. hjdrumeter jon bolding 400 
OA dtotUled water eaoh. To one odd 10 oa of 
aohitkn (o) and mix well by Invetelan. Now 
to eooh Jar add 10 oa of oolotlim (a) and mix, 
and 10 OA of aolntlan (b) and mix. 

The gam orablo ao ieiiaratei the roaotante 
that on^ amall qaantttUe oan got into reaotlag 
dletnnoe at a Ume and the reeulting predpitata 
to very finely divided and ramalna to BO^Mnalan 
while the one not proteetod to oooner a^ will, 
an ■famiUiig, aettle out 
Tlw raidd reduottom of the proteoted one by 
Bonlli^t ahould be ahown. If both Jan are put 
in db^ aimUght the flnanaae of lubdivlBlan of 
the proteoted predpitate randen the aoUan very 


i^A.QolUdiLi»oiChamtBalLBe^ 

npld and In a fair momaili it vUl beoama bha 

b oolor vbUa tile ofths la only dlijkOy dira^ 
MthetwoJaiaanlafUaradaythB uqBO- 

teoted pnelpttato ^ bare Httifld oofc kaflDi a 

olaar idiitiai and tbs otiiar vUl be dev Una. 
^da n Tti* * ^ ** *^ predidtata la made tm of In the 
tdiotflcnidde llmi tiia apeed of vfaleh depeoda 

n tiM alia of the (mmlea of ailvar halide. 



' EZFEBllCEMT NO. 64 
EQUIVALENT OF ZINC (or nugnadtsii) 


Many plMM of appontaa have beea davieed for 
dohig tide aperiment befoie a olaa, but in many of 
them there ia the poMlbUby of having small bits of 
the metal eaoape witbout zeaeting. 

The devloe here deearibed mama to obviate all of 
this trahUe and la ertremaly almide. 

A hydromets Jar 80x6 on. la fllU irith vraitar at 
room tamperatnie. A&Ooo.gaBmeoBuiingtabeirtiaaB 
length Is about 66 am. and v^kiod external dlametar la 
about 18 mm. la filled to the maA with oonoentrated 
eonuneralal faydroeblciiio aoid and filled up the rant of 
the way to ovetflow lii g with water at room tempar%< 
ton, 

A OQik whleh will fit the ffu meaniring toba BO that 
It ean be puabed In Iti fall length sod wUeh has a 
small y ib^Md noteh out len^tln^ along Ita aide, la 
provided. A piece of ilna wire whose wei|^ la ab^ 
(and not over) OA gram, but whoae exaot w«i|bt la 
known la also provld^ Btlbk this win Into the onk 
as short a dlstiuioe aa will be suffloiant to hold It and 
plan the ooik nearly or qalte its foil length Into the 
opm and of the gas me a an riu g tube. Holding the 
tfamnb over the nobdi In the ooik, Invert the tube Into 
the hydrumstar Jar, p^wtw g H far an oblhjos pn« iu»n 

U7 




m ACoUadioiiofChamtaallMtinatptrimmtM 

•0 if tihe lu meunrlng tnlM ilinii to tfao Itft) 
tbo noteh in tlM ooik will be on the zl|^ lUewUl 
tnenn that pertioleii irfakdi may be deteched fram the 
rinw wire end whieh riee beeanee of their e t teched 
lij d nffQ bubUee, irill, when tbqy fell, be rilU re¬ 



tained beoaun they faQ on the ride of the cork away 
fram the notoh. Afte all aetitm baa eaarad get the 
Isrela of liquid in the two veraela the aame a^ read 
the Tohnna. If it ie linpoarible to get the lerel in the 
famar tube the aema aa the leyal in the hydromo ta r jar, 
meaeora thla dlffersme in laveia in mm. and dMde by 
UU), adding tfada to the barometer prem e if the lovel 
in the hnur tube ie lower, and eubtraoting it if it la 



ue 


M^idvalmit of Hno 

Mghw thin the Isral In tb« hydrometer Jar. It la 
beat to find fay trial ivfaat mltfit of rino la needed to 
prodnoe bydrofan oiea^ ao that the level In the 
famertobeirill be below that in the hydrometer Jar, In 
wbloh oaae. the levela oea be adjuated ao ae to odhi- 
olda, llie eometlon of thla vohnne to atandard 
oan be qoiokly made naiiigtbe fdimalB 


Vnlp 


(P- 


. dMfamiee in levela 

- m 


7gA(»i+t) 


1 


27S 


where Y' la the ofaeervad volnnie of laa, P' eqoala the 
banmiots pramiire at the time of the aaperimeiit, a 
oq^ aqnaooa tmafam at the temperature t, and t 
eqnale tiinperatute of tho room at the thne of the 
eiperiment ^Hiia fkotor fay wbloh Y' la to be nralU- 
pUed may weH bo worked out by the atudoota iriiUe 
the (oparlment la in ptogrena, 'the vajume of hydros 
gan la qulokly oonverted into the wel^t of hycbogen 
by nmltiplylng the VDlumo in Mton by XJBQ. The 
aqoivalant of ifno beiiig the wdidit of rino needed to 
Ubarate 1 gram of hydrogen, la eanlly found from the 
equation 


X ^ 1 

Wiof rino Wtothydrogn'ol 




when z = amount of alno ra qulra d to liberate 1 
gram <rf hydrogm. Thla vriiola aqrerimant oan eaally 
be eairiad out in U mlnutea and muoh oan be laaniad 
by the atudenta while the aqiarlmaiit la far progreaa. 


aZFEBlMENT NO. 65 


CONDUCTIVITY OF BOLUTION8 

Tbe voal method of ihoiriiig oondootivlly of lofai- 
tkoi irtth pletintim aleatfodoe In a bottle or beahar 
t o Tolvei BO nnuh onmbenome wadifaig and diyliig of 
the appantoa that the following devloe offen gnat 
nllaf. The derlee ia always ready, does not hava to 
be tskan apart and oan be wash^ or dried bstan- 
taneonsly. 

The lUosbotloDs aza nearly self Bq)lanatary. 

A wsithnwter length of platlnmn win of 1 mm. di¬ 
ameter is welded to a oqpper win of aboot the same 
rise, nda la easily done by plaidng the wires on an 
aabertns pad, lappfaig a mUUmater or two, and diiaot- 
Ing a rery small bl^ lamp flame down on the lap 
fiimi above until fbslao takes plaoe. Hie eqpper win 
should be about 90 cm. long. 

Hh two wine with plAttmnn ends an aitnpii par¬ 
allel and oloae together so that a mlllbnetar qiaoe sep¬ 
arates the platinm tips. Lead ^an is now wrapped 
around tbM near the end, by heating a rod of 
glan in sn osygen-gu flame mitil It is mft enou^ to 
work easily. By adding enon^ of the load ^an a 
^obtda will Anally form, onoloAig the platimnn witoa 
for about half th^ len^h. 

The ooppor wine an than B%ped tbrou^ a Isogth 

uo 




OonAuttutttf of SiAittoni 

of Boda tfbv tabtng ud tile lead i^bh bead 
Ua edge. hihimHth of tide Jofatk moit 


X 



Tnurnn 


m I 

fused to I 

be TBiy I 




oanfoUj done and la beat aeoampUabed b7 wrafiylug 
the hot Jofait fai aotton. 

■nia plAtinam wbaa an Bnoothed off flnah vUh the 


US A. OoOeadoti of Ckemiodl Laatmo SapoHamta 


■DifBM of tiM 1 ^ to gtvB au6 in diybg, vfalah oan 
be aeeonmHihed with e oloth or with filter paper. 

For ooDYgnlapoe in heiuiltng the tube la eet 1^ the 
Tnoden oover of a theemometar eaae and oamited in 
vtth aaallni wax niareitoftheeaMlBUBBdtopro- 
teet the dfl^oe idm not in DM. 

About 1V4 metan of lanqi ooid oonnent thk derloe 
with the Hnbbell mlea aide leoeptaele vtth a 
10-vatt lamp. 

aghatanoei to be teeted (qualltatlTely only) 
aie put into enuU teit tubea In a tank or into mall 
Brl euu myg flarice, ^ddoh are aet in a row, ^n» 
eladzode la dipped auoeeadrely Into theee aubetaneea 
vlth vmdilng between eaeh two. 'Ibe vaablng may 
be vith water If it la not a oondnater, aa 
ahown by thk appantua, at the tfane the eqMiiinait 
la done. Otharvke, dkidlled water may be aqnlrtad 
onto It from a waah botUe, 

OngjpmM ikt of auhaimeeB to teat before the olare 
ia here i^ven: 

No Nam DNl dtam MbU 

1, Diy ah. X 

a. SWIkdwatar. X ^ 

a. Ibp vate. Xte wn e Unf ) 

4. Binmlntloa_ X 

A. AfnTfwwifrrm hj rfinxlAi (dlD X 

7. Wrti H iim iutlfUli dfl. X 

8. CSftdU mSoiSi. X 

a. DOntaiMileaBtkerid .. X _ 

IOl Badraablarifl add . X 

U. BoU^MUCdfl}. X 

U, fcodimrieaaidCeiaie). X 


U. Hltdaidd 
14. GbwlH .. 


Une nfaw 

















ConAuUoiiy of flohitloM U8 

The feet ihat the eppantoe doeg not have to be 
epert far waihing md drying It pebble 
to ehow tide whole Uit in about U iribintaii 
It k aatoTriahlng to the atodenta to aee that 2 oe. of 
oaneoDtratad hydrobbloile add la odoo^ to lender a 
whde 8-litar battery Jar of wate a oondnetor. 



SZFEBIMEKT NO. 66 


RATS OF 8STTL1NQ OF SUBPBNSIONB 

TIm hifhimnB of odBorbed flhu|Bi in 6 na 

■aqMudoDi from MtUiiig out qnloUy ou be euUj 
■hown. 

Two fobtad tort tabei of about 100 oo. a^)aeliT an 
oaoh naaily fllkd witfi diitUled mtar. aa^ la 
added 0.1 gram Bnely powdered kaolin (abba 0 I 17 ). 
To one la ^ded 6 di^ ooneentratad EOl and to the 
other 6 dn^e oauxmtrated NaOH aohitkm. 

alay ^ipean to haTO a pre f arenee for (OH) 
Iona and adaorba them onto Ui amfaoe. Itotathepar- 
tkdea, being Qbaiged alike, tend to repel one amriiber 
and the rata of aettUng ia very alow. The aold aua* 
penal on will aetUa out perfectly olear in a day bat the 
beaie one will take weeki and may neev aatUa ont 
if the olay le very fine. 

He tebea riumld be atoppaed tl^tly with ouika 
wfaioh have bean aoakad in meltad parafltoe and an 
of Booh alie that they will allp below 1^ of the 
tebea, He oarka an then paraffined into pennanant 
poritlon. Hna prepared the tobea may be ihown 
bom year to year. 

Tb^ ahould be flrat whiMtwH to the olan afte 
they have been atandlng long enon^ to Aow the 

IM 


iinrpicH.m k-Kit 67 

QUASTZ GLASS 


A ibJkfaig way to ahow iba low aoeffldait of a apan - 
iIqq of thla ilaiB li to hast a qnarta dlih auoh u a 
anudblo or an erquratibog dlafa to a dnll nd boat and 
drop It bto oold wattf . Or tha dlab may ba {daa^ la 
a rlog with a burner nndv it and water dropped into 
tha ^ah from a dn^jpliig fnmiel aitnpini aboea It. 
For thb the diah muat not be btetod to aneh an eitent 
that tha "qdianddal ateti^ of water win be reaohed. 

If any atudenta bare never notioad wats on a vaay 
bot aorlaoe, however, It will be weE to ahow It after 
the olfiM la over. Boat the ^aa red hot with no water 
droppliiA and then let dr^ oater et intervale of 
abont five laoonda wUl ooaleiee and roll about 
without boUlnc until the glnhiiiw taro eentimetan <w 
mme In dlamite. 


UB 


SZFEBIMEI^ NO. 88 

SSPABATION OF A NON-WBTTBD FROM A 
WSTTBD POWDBS 

a TTifftatm of 5 Tohnnat powdend gliB ud 
1 Tohima qf luip Put tUt Into a Biiall ilavu 

and the latter about 8 sm. above the lorfBU of 











Sgpention of aNoo^WtUad from a WMed PomdarW 

inta in > tyltudrinnl predptUtiiif jar. TqitbeilavB 
gtnUj, wboiqian It be md thei the |Lub goee 
to the bottom of the Jer but the lamp Uaok ataya on 
the Ktf aoe of the watar. 

Do not eontfanie the tapping long enoa^ to gat a 
thlak lajv of lamp blank, for than the mbctura will 
aoeamnlate abore it and finally tear thmi^ the anr- 
faoe of the wate eanylng a maaa of lanqi blank and 
^aa to'the bottom. 

By potttng on a fairly think layer, however, and 
tha tanifaig the piealpltathig Jar inatead of the aleve, 
nmnh of the ^aia nan be to go throuiili without 
eanying any lanq> blank. 

Ttila aarvea to abow the pcindple by irtdnh aome 
area are aeparated from the reek In idd^ they oenur. 




EXPERIMENT NO. 09 


THE CHAMBER PSOCBBS 

Rnacriona. A Tvy rinyle dananitoatlaa of tho 
ruotkmi InvolTod k the ohunbor proei on be 
■howu If a tank of aolfar dioilrtB la araHahle, u H 
iboald be In eveiy elanentaiy labo Hrt ony. A hjdnan- 
etar Jar of about SO am. hel^ boa poured into lb 
0 ee. of fnintiig nitile aold. ?%e Jar la tbn ti|q)ed 
into a hoiliantd porition and rotated ao that the a^ 
rana in a qilral toirord the tiq). A Jet from the aol- 
pkor dloilde took la led by a glaa tube to the bottom 
of the Jar, now rqnl^bb, whareapon the "ohomber 
aryatala” o^ out on ridea. 

The reaotlaia inrobrad ao far may be eipbdned 
thna: 


2 BNO.-i-ao.H«BO« + S NO, 


HO 0 


HiO + 2 BO. + 2 NO. + 02 

NO— 


V 


nlbuoyl onlfUrle 
(ebambar oryital) 


Hie wate la praaant in the Boid and the oGiygan oooaa 
from the air. Whan a sood ooating of tboae aryatala 
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The Chamber Proeeee 180 

hu bom fonned tha abnam of inlfiir (Uadda li out oil 
and a itraam of ataam inn In from a boUar, ualng the 
aama ^aaa tuba for a dellvaiy tube. 

The aiyatala will aoon dlaolTO and tha mldaa of 
niboflan will be lapmaiatad aa tha raappearanee of 
brown fnmea will Indloota. 

HO 0 HO 0 

1 Nr +B;0-»1' +II04-N0k 

h/\ 


SNO + Oi llNOi brown 
air 

Bim atoem until theaa fOmaa aia all alaand out and 
then add water gnutnally to fill the hydicanatar Jar 
one-third. Mix the oontenta of the jar, poor one- 
half Into anothor oomtaln B r. Tb ono-hhlf a^ barinm 
obloilde Bohdlan followed by G hjdroohlorlo aiild to 
teat for the naifato. To the other h^ add bhia lltamn 
aofaitlaa to abow that an odd wan fonnod. 
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